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There has been tremendous growth of sport-science literature completed on able-
bodied or mainstream athletes. However, research completed on the development of 
perceptual-cognitive skills on athletes with physical disabilities is scarce. Twelve Senior 
high performance/National Academy athletes were recruited from Wheelchair Basketball 
Canada to participate in a pre-test vs. post-test intervention study of general cognitive 
training (GCT) effects on sport-specific performance. Athletes were tested in general 
executive functioning, sport-specific cognitive skills (pattern recall), and sport-specific 
physical performance indicators. The intervention was 4-weeks of multiple object 
tracking (MOT). Results from statistical analysis show little-to-no changes over the study 
period, which supports the hypothesis that participation in MOT would have no effect on 
performance in wheelchair basketball. Future research is needed in this area and would 
benefit from a larger sample size, a control-group, and extended study period. Coaches 
are encouraged to be cautious in their use of GCT programs in high performance athlete 
training environments. 
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1. This paper was written conforming to the Centre for Disease Control and 
Prevention (CDC)’s language policy and a person-first approach to disability 
language. The language used in this thesis differs from articles reviewed and 
mentioned, as this was to adhere to more current, respectful, and accurate 
terminology when describing individuals with disabilities (www.cdc.gov). 
2. The following thesis is organized in a manuscript-style. This paper contains 
separate stand-alone chapters for: Introduction, Literature Review, Study 1 (which 
contains an Introduction, Methods, Results, and Discussion), and General 








1.1 THESIS INTRODUCTION 
 
1.12 Developing Elite Performers 
There is extensive literature dedicated to understanding the development of elite 
athletes. Along with a variety of empirical studies (Starkes & Ericsson, 2003; Helsen, 
Starkes, & Hodges, 1998; Helsen & Starkes, 1999), there are popular books (Coyle, 2009; 
Syed, 2011; Epstein, 2014; Gladwell, 2008), reviews (Baker & Young, 2014), as well as 
models of athlete development (Scanlan et al., 1993a, 1993b). The diverse information on 
athlete development, in different sports, highlights the challenges of developing elite 
performers (Baker & Farrow, 2015). For example, a review of The Great British 
Medalists Project (Rees et al., 2016) highlights many multidisciplinary constraints that 
influence athlete development (i.e. birthdate and relative age effects, genetics and 
physiological characteristics, motivational orientations, support networks, practice and 
training, and onset of specialization), and reinforces the complexity of developing elite 
athletes. This review also touches on the increasing financial investments into athletic 
programs and major Olympic Games (Rees et al., 2016). Although sport scientists have 
completed in depth research to develop our knowledge of human performance over the 
past 40 years (Baker & Farrow, 2015), there is still a need for additional research in this 
field. One particular area that has been comparatively under researched is parasport, and 
para-athlete development. 
1.13 History of the Paralympic Movement 
 
Humble Beginnings 
Between 1944 and 1945, by request of the British government, a neurologist by 
the name of Dr. Ludwig Guttman was asked to create the National Spinal Injuries Centre 
at the Stoke Mandeville Hospital in Great Britain. This was to assist the high number of 
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injured veterans returning home at the end of World War II, who were receiving 
treatment at the Stoke Mandeville Hospital (“Mandeville Legacy”, 2014). As part of the 
treatment for injured veterans, sport was introduced as a tool for rehabilitation, which 
soon turned into recreation and competition. When sport was first introduced, games were 
played between the veterans and the physiotherapists. These games were considered a 
hybrid between wheelchair polo (although typically played on horses) and wheelchair 
hockey. (“Mandeville Legacy”, 2014). 
The First Games 
On July 29th, 1948, Dr. Guttman organized a wheelchair archery demonstration to 
coincide with the Opening Ceremonies for the London 1948 Summer Olympic Games. 
This event included sixteen participants (14 men, 2 women) from Stoke Mandeville and 
the Star and Garter Home for Injured War Veterans in Richmond, Surrey (“Mandeville 
Legacy”, 2014; “Paralympics – History of the Movement”, n.d.). After the success of the 
event, Dr. Guttman decided to create an annual exhibition of the, ‘Grand Festival of 
Paraplegic Sport’, which later became known at the Stoke Mandeville Games 
(“Mandeville Legacy”, 2014). 
The Paralympic Games 
It was only in Rome 1960, that the International Stoke Mandeville Games were 
held immediately after their closing ceremonies of the Olympic Games. This was 
considered the first ‘official’ Paralympic Games, although the name was not formally 
used then. These games included approximately 400 athletes from 23 different countries. 
The first Winter Paralympic Games took place in Sweden, 1976. The term, ‘Paralympic’ 
was officially coined at the Seoul 1988 Summer Games. The term ‘para’ is Greek to mean 
‘alongside’ or ‘beside’, and was chosen to illustrate that both the Olympic and Paralympic 
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movement can exist side-by-side (“Mandeville Legacy”, 2014; “Paralympics – History of 
the Movement”, n.d.). 
1.14 Para-Athlete and Parasport Research 
The Paralympics has seen significant growth from 1960 (considered the first year 
of the games) to the 2016 Paralympics in Rio de Janeiro, Brazil. From this time, there has 
been over a 1000% increase athlete participation; with 400 athletes in 1960, and 4,328 in 
2016 (Murdoch, 2012; “Rio 2016” n.d.). With increased participation in parasport major 
games (i.e., Paralympics and Para Pan American Games), there has also been growth in 
sport-science literature (see Burkett, Melfont & Mason, 2012; Goosey-Tolfrey et al., 
2002; Daly et al., 2003) that has contributed to understanding certain aspects of 
performance and competition. Studies have looked at mechanical efficiency in 
Paralympic hand-cyclers (Goosey-Tolfrey, Alfano & Fowler, 2008), cooling techniques 
and speed profiles in wheelchair rugby athletes (Griggs, Havenith, Price, Paulson, & 
Goosey-Tolfrey, 2015; Rhodes, Mason, Paulson, & Goosey-Tolfrey, 2016), psychosocial 
impact (Richardson, Papathomas, Smith, & Goosey-Tolfrey, 2017), raquet holding 
techniques in wheelchair tennis (de Groot, Bos, Koopman, Hoekstra, & Vegter, 
2017;2016), free-throw shooting techniques of wheelchair basketball athletes (Goosey-
Tolfrey et al., 2002), as well as developmental histories (Dehghansai, Lemez, Wattie, & 
Baker, 2017a). 
While this research has made contributions to the Paralympic movement, there is 
still a need for research on the development of expertise in parasport. Considering the 
rapid growth of research completed on mainstream or able-bodied athletes, it is clear that 
research on the development of athletes with a physical disability has not matched the 
same level of growth (Dehghansai, Lemez, Wattie, & Baker, 2017b). A recent systematic 
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review by Dehghansai et al., (2017b) was completed to look at the influences of 
developmental aspects of performance and competition on athletes with disabilities. After 
the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) 
evaluation, only 21 articles met the inclusion criteria. The small number of articles that 
were included in the review show that research on the developmental of athletes with 
physical disabilities is limited. Furthermore, the majority of the articles included in the 
review emphasized a common theme that there was a lack of training programs, and 
sport-specific guidelines for athletes with disabilities (Dehghansai et al., 2017b). The 
comparatively smaller amount of research completed on athletes with disabilities in 
parasport stresses the need for future directions and work examining the analysis and 
training development of athletes with disabilities (Deghgansai et al., 2017b). 
1.15 Expert Performance in Sport 
Expert performance in sport is defined as superior and consistent athletic 
performance and capabilities, over an extended period of time (Starkes, 1993). In order 
for an athlete to be considered an expert, he or she must excel in the following four 
domains: physiological, technical, emotional, and cognitive (decision-making/perceptual 
and tactical/strategic: Janelle & Hillman, 2003). One of the most enduring topics in the 
study of exceptional performances is whether such performances result predominantly 
from nature or nurture (Baker & Horton, 2004; Davids & Baker, 2007; Howe, Davidson 
& Sloboda, 1998). The nature-nurture debate outlines how individuals are products of 
either their genes or environments, outlining questions on the role of genetics, and the 
influence of environment and life experiences. This debate has been one of the most 
persistent in sport expertise research (Howe et al., 1998). Extensive research and reports 
have been completed on the different variables that are attributed to talent, athleticism, 
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and performance (see Howe et al., 1998; Davids & Baker, 2007). Discussions from this 
research support the opinion that both nature and nurture play an important role in the 
development of individuals in physical and mental domains (Davids & Baker, 2007).  
However, since an athlete’s genes cannot be changed it is important to focus on 
the larger modifiable factors, such as athlete training environments and overall practice. 
The theory of deliberate practice, presented by Ericsson et al. (1993), suggests that innate 
talent – nature – does not have a primary role in the development expertise. Rather, the 
deliberate practice framework asserts that there is a monotonic relationship between 
practice and skill level, whereby the more an athlete practices, the greater their level of 
skill and expertise (Helsen et al., 1998). Importantly, deliberate practice activities are 
defined as those specifically done to improve performance in a certain domain (Ericsson 
et al., 1993). Furthermore, deliberate practice is also defined as effortful, not inherently 
enjoyable, and should not generate any immediate monetary or social incentives (Ericsson 
et al., 1993). In sport, deliberate practice are activities that athletes engage in with the sole 
intention of performance or competition improvement. When the guidelines of deliberate 
practice are met, motor, cognitive, and perceptual skills improve with overall 
performance (Ericsson et al., 1993). Research on superior performance of experts 
demonstrate that expertise development is largely dependent on the procurement of 
cognitive mechanisms resulting from engagement in deliberate practice (Ericsson & 
Ward, 2007)  
1.16 Cognitive Performance in Sport 
Cognitive performance domains include decision-making, strategic thinking, and 
perceptual and tactical skills (Janelle & Hillman, 2003). Domain-specific cognitive 
expertise in sports encompasses an athletes’ ability to make rapid in-game decisions, as 
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well as the athlete’s technical and tactical knowledge of their sport (e.g. Prior knowledge 
of other teams, anticipation of movements from opposing teams. This is due to the fact 
that there are unique characteristics within each sport that are required for expertise 
(Baker & Horton, 2004). Perceptual-cognitive skill is an individual’s ability to integrate 
environmental information with existing knowledge in order to return the appropriate 
response and execution (Marteniuk, 1976). In many team sports, athletes need to be able 
to execute a play, read their opponents, and make the correct move in order for success in 
performance (Williams, Davids, & Williams, 1999). Therefore, perceptual-cognitive 
skills are unique indicators to expert-performance. 
Perceptual-cognitive skills are predominantly thought to be domain-specific and 
the result of domain-specific practice, and therefore specific to each sport (Mann et al., 
2007; Nuri et al., 2013; Schapschröer et al., 2016). For example, Helsen & Starkes (1999) 
found no differences in general cognitive capacities in experts and non-experts (i.e. 
central and peripheral reaction and correction times), but differences between the groups 
in specific cognitive performance (i.e. when the tasks were specific to the domain of the 
participant; [soccer skills]). These findings supported the notion that perceptual-cognitive 
skills are the results of domain-specific practice. Similar findings have been found in 
multiple sports such as basketball (Allard, Graham, & Paarsalu, 1980), field hockey 
(Starkes, 1987), volleyball (Allard & Starkes, 1980; Ripoll, 1988) and soccer (Helsen & 
Pauwels 1993a,b). These results have been used to support the position that expert 
performance and perceptual-cognitive skills are predominantly the result of deliberate 
practice, and not innate genetic differences. However, contrary conceptualizations of 
expert perceptual-cognitive skills exists in research.   
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Proponents of general cognitive training have proposed that programs and 
activities with no domain-specific content, or motor control demands, could assist in 
improving athletes’ mental abilities that involve processing dynamic situations. 
Supporters of general cognitive training suggest that a single training program could 
assist a variety of individuals, regardless of their domain of performance. An example of 
general cognitive training is multiple object tracking. Multiple object tracking (MOT) is a 
technique used to study and train how the human visual system tracks multiple objects 
over a period of time. Originally developed in 1988, this technique suggests that a number 
of objects (typically 4) can be attended to in an individuals’ visual system, independent of 
dynamic environments, therefore allowing them to be consistently tracked (Pylyshyn & 
Storm, 1988). Researchers have proposed that MOT interventions can increase attention, 
working memory, and informational processing speed (Parsons et al., 2016). It has also 
been proposed that the benefits of MOT can extend to improving maneuvering and 
navigating through traffic (Faubert & Sidebottom, 2012), neurodevelopmental disorders 
(Tullo, Faubert & Bertone, 2017), learning disabilities (Tullo et al., 2016), and ageing 
populations (Assed et al., 2016; Legault, Allard, & Faubert, 2013. Proponents of MOT 
propose that the same technique could be used to train visual systems in athletes (Faubert, 
2013)  
The results on the effectiveness of general cognitive training have been mixed. A 
study completed by Wentink et al, (2016), looked at the effects of general cognitive 
training in post-stroke victims. This randomized control trial was completed on 107 
patients, and tested the effect of an 8-week general cognitive training program supplied 
by Lumosity™. In total, sixteen games were used in the study and five cognitive domains 
were targeted: speed, memory, attention, flexibility, and problem solving. Results from 
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this study showed that there was limited transfer to similar tasks (near transfer) and 
transfer to different or irrelevant tasks (far transfer) effects in the patients. The author also 
noted that, “… tasks need to be closely related to the impaired task itself”, suggesting that 
domain-specificity is highly important in cognitive training techniques (Wentink et al., 
2016).  
Similarly, a comprehensive literature review by Simons et al., (2016), focused 
specifically on brain-training programs and interventions in current research. The review 
focused exclusively on published, peer-reviewed, scientific journal articles that Brain-
Training companies cite for support and credibility for their claims – which included 132 
studies. The authors concluded that while brain-training games improve performance on 
the trained task (i.e., the brain-training games themselves), there was little evidence to 
suggest that these interventions improve performance on closely related tasks, and 
minimal evidence showing that these interventions improve far-related tasks, or improves 
everyday general cognitive performance. They also found that many of the studies had 
gaps in design and analysis, which made it difficult to definitively conclude efficacy of 
training (as some of the published studies lacked specificity about design reporting – 
leaving room for subjective interpretation). The authors noted, “Practicing a cognitive 
task consistently improves performance on that task and closely related tasks, but the 
available evidence that such training generalizes to other tasks or to real-world 
performance is not compelling.” (pg 71; Simons et al., 2016). In summary, it is important 
to understand that support for general-to-specific perceptual-cognitive skill transfers are 
scarce in research.  
Despite conflicting claims about the importance of domain-specific practice and 
those about general cognitive training, many sports teams continue to use these training 
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techniques in their daily schedules (www.neurotracker.net). Since there is limited 
evidence to say that a transfer occurs between general cognitive training and sport 
performance (Broadbent et al., 2015), more research is needed to understand the efficacy 
and utility of general cognitive training as a training tool. This project will add to current 
research on findings in perceptual-cognitive training programs. Furthermore, results from 
this study will add to the growth of para-sport research, and research on training 
development for athletes with physical disabilities (Dehghansai et al., 2016b). 
1.2 RESEARCH QUESTIONS 
1. What is the effect/impact of general cognitive training (GCT) on domain-specific 
skills in elite level athletes with physical disabilities? 
2. What is the relationship between MOT training and on-court performance and 
sport-specific perceptual-cognitive skills (i.e. pattern recall) in Canadian elite 
level wheelchair basketball players 
1.3 RESEARCH OBJECTIVES  
The effect of general cognitive training and its impact on the execution of domain 
specific skills will be investigated. The research objectives are: 
1. To investigate the effectiveness of a GCT intervention on sport-specific tasks in 
athletes with physical disabilities.  
a. To compare the following variables: 
i. Baseline data to follow-up data of sessions: 
- Multiple Object Tracking program: Neurotracker™  




- Temporal Occlusion Tasks: Wheelchair basketball specific 
Pattern recall  
- Individual Technical Quality Measurement Tool (ITQMT) 
Measures: tool to measure specific on-court performance 
and skills 
b.  To look at potential mediating and moderating effects of performance on 
the MOT intervention 
i. Does the level of performance on the MOT intervention mediate 
on-court performance? 
ii. Does the level of performance on the MOT intervention moderate 
the strength of the relationship of on-court performance? 
iii. Does the intervention mediate sport-specific cognitive skills? 
iv. Does the intervention moderate the strength of the relationship of 
sport-specific skills? 
c. To correlate all test components will overall intervention performance 
i. Are there statistically significant relationships present between the 
tests components? 
1.4 RESEARCH HYPOTHESIS 
1. Based on previous research findings (Simons et al., 2016; Wentink et al., 2016), it 
is hypothesized that participating in General Brain Training Games will have no 
effect on the sport-specific cognitive skills and performance in Canadian 
Wheelchair Basketball players 
2. ITQMT Measures will be maintained, or vary only slightly from Week 1 
comparisons to Week 6. According to the Power Law of Practice (Logan, 1988; 
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Newell & Rosenbloom, 1981), and looking at Practice Effects (Duff et al., 2007), 
performance is said to improve the most early in learning, begins to plateau over 
time, and approaches an asymptote later in learning (Logan 1988; Newell & 
Rosenbloom, 1981). Since this study explores learning and performance of high 
performance elite level athletes, the power law of practice (Logan, 1988; Newell 
& Rosenbloom, 1981) suggests it will likely take proportionately more time and 
practice to elicit improvements in skill.  
3. According to previous research completed on attention and concentration tasks, 
people who completed the same test repeatedly improved their test performance. 
Furthermore, average reaction time and error rate decreases (see Bühner, 2001; 
Westhoff & Dewald, 1990). As such, it is hypothesized that tests scores on MOT 
will maintain or increase from Week 2 comparisons to Week 5 (the first and the 





1.5 SIGNIFICANCE OF THE STUDY 
 
1.51 Addressing the Gaps in Literature 
Research has shown perceptual-cognitive skills to be task specific (Williams, 
Davids, Burwitz & Williams, 1994). This is based on the notion that different sports have 
different constraints, including sport-specific cues and perception-action demands (i.e. 
looking at your opponent’s swing and ball-air time in tennis vs. offensive/defensive plays 
in soccer; Mann et al., 2007). Athletes and performers need to be able to properly identify 
information in the environment, focus their attention, extract information from their 
environment, and create the appropriate response for success (Williams, Davids, & 
Williams, 1999). Past research has also consistently demonstrated that learning is domain 
and task specific (Williams, et al., 1994; Ericsson, 1993), and there is little evidence of 
transferability of general training or general cognitive skills into specific domains 
(Abernethy, et al., 2005; Wentink, et al., 2016).  
Due to the fact that athletic expert performance involves both motor, and 
perceptual-cognitive skills (Williams & Ericsson, 2005), there needs to be more research 
focused on the deliberate practice of cognitive skills. Also, there is a need to test the 
hypothesis of transferability from general training to specific domains, as there is limited 
evidence to show that this exists (Wentink, et al., 2016). Future research is needed to 
understand if perceptual-cognitive training elicits a transfer in learning from a general to a 
specific domain (Broadbent, et al., 2015). 
This study will also help to fill the gap in literature on the development of athletes 
with physical disabilities, as this research is currently underrepresented in the literature 
(Dehghansai et al., 2017b). Furthermore, there is little information published on the effect 
of general cognitive training programs on the parasport population. Therefore, the study 
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will also be an addition to current research in cognitive training, but will shed light on this 
training in a new population. 
1.52 Purpose and Overall Contribution 
The overall purpose of this study is to test the effect of general cognitive training 
on domain-specific sport skills. Specifically, this study aims to test the relationship 
between MOT training, and on-court performance on-court and sport-specific perceptual-
cognitive skills (i.e., pattern recall) in Canadian elite level wheelchair basketball players. 
This study and its results could be used to determine the possible implementation of MOT 
sessions into the Daily Training Environment (DTE) for Wheelchair Basketball Canada 
(WBC) and more generally, this research may also help to inform future training plans 
developed by coaches in wheelchair, or other Paralympic sports.  
Although there is some literature published on the effect of general cognitive 
training into domain-specific skills, there is no known research testing this effect on elite 
level athletes with physical disabilities. This study will fill a void gap in literature by 
investigating the effect of general cognitive training (i.e. MOT sessions), on sport-specific 
performance and pattern recall skills in athletes with physical disabilities. This study may 
also help to shape individual reviews (i.e. how coaches design and implement individual 
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 The following literature review will highlight evidence and findings relevant to 
the acquisition of skill regarding Deliberate Practice (DP), perceptual-cognitive skills, 
pattern-recall skills, and general-cognitive training in athletes in high performance sport. 
Table 1 outlines definitions of cognitive function and common terms used in the literature 
review (adapted from Harris, Wilson & Vine, 2018). 
Table 1. Description of common terms and associated tests used in present study 
Cognitive Function Description (tests used in present study) 
Sport Expertise The ability to consistently demonstrate superior athletic 




“Ability to identify and acquire environmental information 
for integration with existing knowledge, so that appropriate 
responses can be selected and executed” (Marteniuk, 1973) 
 
Working Memory (WM) Mechanism of cognitive capacity that is capable of 
information retention in a dynamic setting for on-going use 
(Harris, Wilson & Vine, 2018). Spatial Span, Token Search 
 
Executive Function (EF) Multi-component construct that includes attentional control, 
planning, fluid intelligence, organization, evaluation, and 
coordination. Important for attention allocation in high-level 
function (i.e. reasoning, problem solving; Harris, Wilson & 
Vine, 2018). Double Trouble, Feature Match, Rotations, 
Spatial Span, Token Search, Multiple Object Tracking 
 
Inhibition “Construct of WM and component of EF which suppresses 
irrelevant or unimportant information” (Harris, Wilson & 
Vine, 2018). Double Trouble (i.e. Stroop Test) 
 
Divided Attention Ability to simultaneously process different sources of 
information and multitask at any time (Harris, Wilson & 
Vine, 2018). Multiple Object Tracking. 
 
Selective Attention A cognitive process whereby someone can search for relevant 
information, while disregarding irrelevant information at hand 
(i.e. completing a word-search; Harris, Wilson & Vine, 2018). 
Token Search, Feature Match, Spatial Span 
 
Crystalline Intelligence “One’s ability to use learned knowledge and experience” 
(Harris, Wilson & Vine, 2018). Pattern-Recall Task. 
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Processing Speed Overall time used to possess, process, and use (respond to) 
information. Can be domain specific in some instances 
(Harris, Wilson & Vine, 2018). Double Trouble, Rotations, 
Token Search, Feature Match 
 
Short Term Memory 
(STM) 
The limited capacity to temporarily retain a small amount of 
information to be used in WM (Harris, Wilson & Vine, 2018). 
Spatial Span, Pattern-Recall 
 
Reasoning “The process of making judgements (i.e. conclusions) in a 
sensible, logical way” (Harris, Wilson & Vine, 2018).  
 
Anticipation Ability to predict a future outcome or event (North, Hope & 
Williams, 2016) 
 
Decision-Making Individual’s capability to process information and choose an 
appropriate corresponding action to achieve a specific task 
goal (Hastie, 2001) 
 
Pattern-Recall “Ability to accurately and effectively ‘read’ and recall 
patterns” (Helsen & Starkes, 1999) 
 
Deliberate Practice (DP) “Highly effortful, unenjoyable, structured activities with the 
sole goal of improving performance. These activities are done 
with the express purpose of improving performance” 
(Ericsson et al., 1993). 
  
 
2.1 DELIBERATE PRACTICE AND SPORTS 
Twenty-four years ago, psychologist Anders Ericsson introduced the theory of 
deliberate practice (Ericsson et al., 1993). This theory proposed that engaging in any 
training was not enough to acquire expertise, but rather “deliberate practice” was 
necessary to explain expert achievement. Deliberate practice (DP) is defined as a highly 
effortful, unenjoyable and structured activity with the sole goal of improving performance 
(Baker & Young, 2014; Ericsson et al., 1993). Ericsson et al. (1993) proposed that DP is 
the primary type of activity necessary to develop expert performers, and it has been 
highly researched as a constraint on the attainment for elite athleticism and expert 
performance (Baker & Young, 2014). DP is also defined as activities that are done for the 
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express purpose of improving performance (Ericsson et al., 1993). When the guidelines of 
DP are met, practice improves the speed and accuracy of motor, cognitive and perceptual 
tasks in a given domain (Ericsson et al., 1993). It is important to note that the theory of 
DP is based on the engagement of domain-specific forms of practice, rather than general 
practice (Ericsson et al., 1993; Baker, Côté, & Deakin 2005).  
Studies on deliberate practice in sports have consistently shown that experts spend 
more time in overall training, when compared to novices (Baker & Young, 2014). Studies 
have shown that experts allocate more time to engaging in specific activities that are the 
most relevant to the development of critical skills for expert performance (Baker, Côté, & 
Abernethy, 2003). For example, the Baker et al., (2005) study, looked at the accumulated 
hours of practice (deliberate practice) within ultra-endurance (UE) triathletes. Participants 
(n=28) were divided into ‘front of the pack’, ‘middle of the pack’, and ‘back of the pack’ 
groups based on their finishing times compared to the mean (average) finishing time of 
their population (i.e. 25-40 years). Detailed athlete history questionnaires were 
completed, as well as an in depth one-on-one interview with each participant about 
training histories. Results showed that the expert (front of the pack) athletes accumulated 
approximately 12,558 hours of triathlon (cumulative running, swimming and cycling 
training) training, with ‘middle of the pack’ accumulating 6,195 hours, and ‘back of the 
pack’ accumulating 4,122 hours total. This study supports that expert athletes partake in a 
greater amount of quality training than their less skilled counterparts (Baker et al., 2005). 
Results also demonstrated that the experts engaged in more sport-specific training, 
including phases of periodization, when compared to their intermediate counterparts. 
Although this study may not explain the cause-and-effect relationship between DP and 
27 
 
expert development, it suggests that expert performance likely originates from a greater 
amount of accumulated hours of specific training. 
Studies completed on figure skaters, and karate athletes (Baker et al., 2003) 
provide strong support for Ericsson et al.’s (1993) original theory about hours of practice 
being related to level of performance (Baker et al., 2003). The same relationship can be 
found in team sports. The aforementioned study by Baker et al., (2003) looked at the 
effects of accumulated hours (deliberate practice) between experts and non-experts from 
team ball sports (netball, basketball, and field hockey). Fifteen expert decision makers 
and thirteen non-experts were recruited for the study, and provided extensive information 
about the quantity and quality of training (sport-specific and general) and training 
histories. Results showed that the experts in the study were involved in their sport for at 
least 10 years, and nearly 13 years on average before reaching National team selections. 
At the 13-year mark however, experts showed to have accumulated approximately 4,000 
hours of sport-specific training, far below the 10,000 hour rule reported for expert 
musicians by Ericsson et al., (1993). Comparing the training hours between expert and 
non-expert performers, results showed that expert athletes invested a significantly greater 
amount of time in one-on-one coaching, video sessions and organized team practices, 
compared to the non-experts (Baker et al., 2003). The results from this study concluded 
that the original theory of 10-years of participation, developed from Simon and Chase 
(1973), remains a good base to explain the level of minimal involvement needed for 
expertise development. However, this study also found that there was large variability 
between the numbers of accumulated hours between sports, which indicates that there are 
additional factors that contribute to expert performance along with hours of Deliberate 
Practice (Baker et al., 2003).  
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 Specific to team sports, much of the practice that occurs is coach-determined. 
Considering team practices, it can be predicted that overall time spent practicing as a 
team can be less predictive of individual skill attainment (Helsen et al., 1998). This is due 
to allocation of practice devoted to the lowest or highest skill needed for a team, and not 
necessarily a skill that would advance each individual (Helsen et al., 1998). Deliberate 
practice in team sports can also be considered a ‘grey area’ in the development of 
expertise, as both team and individual practice occurs in these domains. Therefore, it is 
important to consider the sport-specific practice involved in team sports for the overall 
team, as well as the individual (Helsen et al., 1998). A two-part study completed by 
Helsen et al., (1998) tested the theory of deliberate practice in team sport athletes. The 
first-part method looking at the deliberate practice of soccer players, included three 
groups of male soccer players from international divisions (n=17), World Cup athletes 
(n=12), and national team players (n=21). The procedure included the participants 
completing a questionnaire reflecting on their careers, and recalling the amount of time 
they spent practicing for soccer, soccer-related activities, and other everyday activities. 
The second part of the procedure was to get the participants to rate each activity within 
four domains: relevance to improve soccer performance, effort required for activity, 
enjoyment derived from each activity, and concentration necessary to perform activity. 
Results from the questionnaire showed that all soccer groups began playing soccer, and 
took part in team practices around the same age (average 2 years after starting soccer). 
National and international players showed peak accumulated practice at 15 years into 
soccer career, while the provincial players showed their peak at 6 years into their career. 
The international players showed 2 hours of individual practice per week, in addition to 
approximately 11 hours of team practice per week. At the ten year mark of career 
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progression, all groups showed to be significantly below the suggested 10,000 
accumulated hours of practice (Ericsson, 1993) with the international group at 
approximately 4,000 hours, the national group at 3,800 and the provincial group at 3,000 
hours, respectively. The same questionnaire (from first group of participants) was given 
to field hockey players who decided to participate in the study. All groups began field 
hockey and team practices at the same times. Results from the latter part of the study 
showed that similar to soccer players, field hockey players exhibited practiced far below 
the suggested 10,000 hour mark. International field hockey players demonstrated to have 
accumulated 10,237 of combined individual and team practice hours at 18 years into their 
career – soccer players attained 9,332 hours by the same benchmark. Overall, the results 
suggests that approximately 10 years into an athletes’ career is when important choices 
and decisions are made about training. Furthermore, data analysis showed a direct 
relationship between accumulated hours of practice, and eventual performance level 
achieved, which coincides to Ericsson’s (1993) original findings.  
In summary, there is compelling evidence that a primary factor in the 
development of expertise is due to accumulated hours of practice and DP. (Ericsson et al., 
1993; Williams & Ward, 2003). One of the reasons deliberate practice is likely so 
important to expertise development is because it is related to the development perceptual 
cognitive skills, a consistent differentiator between athletes of different skill levels 
(Hodges & Starkes, 1996; Starkes et al., 1996).  
2.2 PERCEPTUAL-COGNITIVE SKILLS 
Although elite sport performance is readily evident through observation, 
mechanisms that contribute to expert performance are less apparent (Mann et al., 2007). 
Perceptual-cognitive skill is defined as an individual’s ability to integrate environmental 
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information with existing knowledge in order for appropriate responses to be selected and 
executed (Marteniuk, 1976). Athletes depend on their perceptual-cognitive skills to 
achieve the best possible results in their sport domain. For example, knowing when and 
where to look in practice or competition, is a vital key for successful performance (Mann 
et al., 2007). Perceptual-cognitive skill training research emerged as early as the 1950s, 
when Damron (1955) trained two groups of American high school football players using 
slide presentations. Players participated in 16 sessions of slide presentations, and were 
able to accurately recognize 75% of football-specific plays (Damron, 1955, Ward et al., 
2008). Furthermore, when the two groups were retested in a temporal occlusion task with 
the same plays (using live players), they were then able to recognize 95% of defensive 
plays shown. Results from this study suggest that perceptual-cognitive skills are trainable, 
and also, these skills can be recognized within on-field performance (Ward et al., 2008).  
In many cases, athletes are faced with saturated visual displays that are rich with both 
relevant and irrelevant information needed for a task. As such, sport performers must be 
able to identify the relevant information, appropriately direct their attention, and 
effectively extract meaning from these areas (Williams, Davids & Williams, 1999).  
Initially, it was hypothesized that differences between experts and non-experts 
were the result of innate differences in general perceptual-cognitive and motor skills, such 
as reaction time, static and dynamic visual acuity, and range of peripheral vision (Starkes 
et al., 1995). However, findings suggest that superior performance in experts is not likely 
due to differences in visual and sensory abilities (Starkes et al., 1995). In a seminal study, 
Helsen and Starkes (1999) looked at these impacts of domain-specific cognitive skills 
between expert and novice soccer players. Specifically, they focused on differences 
between skilled and less skilled athlete’s information processing (i.e. how athletes attain 
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information in their environment) by measuring eye-movements (Helsen & Starkes, 
1999).  
Base on the skills that were assessed, a number of participants were identified. 
Twenty-eight male subjects volunteered to take part in the study, and took part in all three 
experiments. The expert group consisted of 14 semi-professional soccer players, who had 
approximately 10 years of prior competition experience. The intermediate group 
consisted of 14 kinesiology undergraduate students, with physical activity experience, 
enough soccer experience to perform in a game. The intermediate group had no 
competitive soccer experience post high school, and reported no previous experience or 
skill in any interceptive ball sport. The first experiment was a laboratory test of non-
specific abilities. The methods for Experiment 1 measured processing parameters (i.e. 
central and peripheral reaction time, and visual correction time), optometric measures (i.e. 
static visual acuity, and dynamic visual acuity), and perimetric parameters (i.e. 
differential light threshold). To test the non-specific abilities of the athletes, they were 
subject to a target detection task, which involved them in a seated position with a head-
apparatus showing different points of light at various angles. The participants job was to 
focus on a target and use a button on a stylus (in their dominant hand) to indicate when 
the light had appeared (i.e. central vs. peripheral signals in the vertical and horizontal 
plane). Participants eye movements and fixations could be checked through a reticulate 
telescope during the tests. Results from experiment 1 showed that the experts performed 
no greater than the intermediate group of participants. The experts did not possess 
superior central and peripheral visual reaction times, or correction times.  
Experiment 2 looked at whether differences between the groups would emerge in 
a soccer-specific task of static slide stimuli. In the second experiment, each subject 
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looked at 30 game-typical offensive plays (in the point-of-view of the ball handler). Once 
the slide was presented, the participant verbalized the next offensive move, with possible 
answers as, “shoot at the goal”, “dribble around the goal keeper or opponent”, or “pass to 
one of four teammates”. The time for reaction was stopped as soon as the participant 
responded to the slide. Reaction time results showed that the experts performed greater in 
verbal responses of shooting (1081ms), dribbling (1332ms), and passing (1560ms), when 
compared to the intermediate group (shooting = 1502ms, dribbling = 2070ms, passing = 
2064ms). As well, results showed that the experts performed significantly better than the 
less skilled participants in response accuracy percentage. These results suggest that 
response speed and accuracy are dependent on participant competence, with experts 
showing faster response times and higher accuracy in tactical game problems, compared 
to the less-skilled counterparts. Fixation results also showed that experts used less 
fixations overall when making-decisions about tactical game play. This suggests that 
experts can ‘do more with less’, and they can make thorough decisions, with less 
information from the environment. This is probably due to expert’s previous domain-
specific knowledge, which allows them to use present information and make a decision 
faster, and more accurately. 
Previous researchers (Starkes, 1987; Abernethy et al., 1994; Starkes et al., 1995, 
1996) have shown that the more task-specific the cognitive test is to the actual game, the 
greater the difference between experts and non-experts.  With this, Experiment 3 was to 
take the participants through the same responses as Experiment 2, but now with sport-
specific simulated video clips, as well with a soccer-specific motor response instead of a 
verbal response. The film was projected onto a wall in front of the participant, in order to 
make it more real-life. At one part in each of the film slides, the ball is passed to the 
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participant, who then needed to make a movement decision as quickly and as accurately 
as possible. The responses were the same as the previous experiment (i.e. shoot at the 
goal, dribble around the goalkeeper or opponent, or pass to a specific and free teammate). 
The total timing of the response was broken into 3 divisions from when the subject started 
their movement (i.e. initiation time), when they touched the ball (i.e. ball/foot contact 
time), and when the ball finally reached the screen (i.e. total response time). The results 
from this experiment show that when participants were shown dynamic, domain-relevant 
tasks, experts were able to use early information before responding to the stimuli. As 
well, they were able to make better use of the information from the player’s position in a 
game, whereas non-experts looked primarily at the soccer ball, attackers and the goal. The 
results from the three experiments outline that variables involved in perceptual-cognitive 
training (i.e. decision-making skills, anticipation) of expert performers are domain-
specific (Helsen & Starkes, 1999). 
Subsequent research has confirmed that perceptual-cognitive skills between 
experts and non-experts are domain specific (Williams, Davids, Burwitz, & Williams, 
1993, 1994; Williams & Davids, 1995). For example, research suggests that experts 
recall, retain, and recognize a greater amount of information in structured contexts than 
novice performers, when information is brief and domain-specific (Helsen & Starkes, 
1999). These findings have been found in team sports such as field hockey (Starkes, 
1987), soccer (Helsen & Pauwels, 1993a), and basketball (Allard, Graham, & Paarsalu, 
1980).  These findings highlight the importance of structured vs. unstructured patterns in 
anticipation and decision-making skills (see: Chase & Simon, 1973; Abernethy et al., 
2005; Schapschröer et al., 2016; Baker et al., 2005). A classic example of this is Chase 
and Simon’s (1973) study on chess players. They looked at the differences in 
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performance between world-class chess players, compared to skilled recreational chess 
players. They hypothesized that both leveled players did not differ in their basic abilities, 
cognitive make-up, and general capabilities. Moreover, the theory proposed that experts 
had the same mental constraints as their novice counter-parts in regards the limits of 
short-term memory (STM), and processing speed. Simon and Chase suggested that 
performance from experts resulted from their immense knowledge and understanding, 
which had been acquired from many years of experience within their particular domains 
(Simon & Chase, 1973). In a series of studies, Simon and Chase (1973) showed the 
effects of expert’s memory on domain-specific chess configurations. The methods 
included showing structured and unstructured chess patterns to the subjects. When 
presented with structured patterns, experts were able to more accurately recall the 
structure of chess piece patterns compared to non-experts. However, when the structure 
(and domain-specific relevance) was removed from the patterns, the experts demonstrated 
similar recall capacity as the less-skilled subjects; only being able to recall a few pieces 
(Simon & Chase, 1973). These findings support the notion that expert performance can be 
attributed to meaningful and specific training in a specific domain, not to general short-
term working memory, or general cognitive capacities.  
Expert performers from various domains have demonstrated the ability to 
accurately recall information contained within complex patterns in performance (Gorman 
et al., 2013). When shown unstructured random patterns, experts perform no differently 
than non-experts in recall tasks (Simon & Chase, 1973; Helsen & Starkes, 1999). As 
such, characteristics that distinguish between experts and non-experts appear to be 
primarily the result of domain-specific knowledge and experience rather than general 
capacity (Abernethy, Neal, & Koning, 1994; Helsen & Starkes, 1999; Starkes, 1987). 
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Moreover, research has shown that experts differ from non-experts regarding sport-
specific cognitive measures (Mann et al., 2007; Abernethy et al., 2005; Chamberlain & 
Coehlho, 1993). A meta-analysis of (N=42, 388 effect sizes) conducted by Mann et al., 
(2007) found that experts out performed novice counterparts on a range of perceptual-
cognitive skills, including decision-making skills and anticipation. 
In addition, a study conducted by Allard et al., (1980) used static basketball 
images. It was found that the expert basketball players recalled the positions of more 
players when compared to the novices. This study and other examples (see Gilhooly et 
al., 1988; Adelson, 1981), use testing measures in the form of a structured or unstructured 
patterns. Furthermore, these situations all show that the highly skilled individuals are 
superior at pattern recall and recognition in their domain of expertise, when compared to 
their less-skilled counterparts (Gorman et al.,2013; Helsen & Starkes, 1999). Given the 
expert-novice differences in perceptual-cognitive skills researchers have explored 
whether perceptual-cognitive skills can be trained in interventions. 
An example of perceptual-cognitive training interventions is also seen in the study 
by Adolphe, Vickers, and Laplante (1997), which used similar to above training 
interventions to improve the accuracy of elite tennis player’s gaze during a serve. Using a 
video-based simulation, and on-court practice as the training apparatus, participants were 
subjected to 6-weeks of training in gaze behaviour and ball tracking in tennis. Results 
from the study displayed improvements in ball tracking from the participants. 
Furthermore, a 3-year follow-up was conducted, and participants exhibited improvements 
in accuracy of returns (i.e. Tennis serves; Adolphe et al., 1997; Ward et al., 2008). 
However, given the extended period of practice time in this study (i.e. 3 years), it is hard 
to establish whether solely perceptual-cognitive training explains improvements in 
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performance (Ward et al., 2008). Moving forward, it is important to understand the issues 
and limitations (i.e. identifying whether rate of return is based on intervention alone, or in 
combination with other training) in perceptual-cognitive training interventions in sport 
performance.  
In summary, results from the above studies demonstrate that perceptual cognitive 
skill differentiates expert from non-expert performers. Furthermore, perceptual-cognitive 
skills are domain specific, and presumably, the result of domain-specific deliberate 
practice. We observe from these studies that the perceptual-cognitive skills being tested 
had to be deliberately trained through sport-specific, domain-specific practice. However, 
there has been a resurgence in the notion that general cognitive training applications to 
sport are also beneficial to performance, and that perhaps skills may not be solely in need 
of sport-specific, domain-specific practice. 
2.3 GENERAL COGNITIVE TRAINING 
Recently, a number of general brain training tools and software programs have 
emerged on the market (i.e. games or activities that hypothesize to exercise the brain, 
similar to exercising the body. These games tend to have no domain-specific movements 
or perceptual information). Commonly advertised on television, radio, internet and 
magazines, it is easy to come across claims about how these games will improve your life 
using the ‘power of your brain’ (Simons et al., 2016). For example, Lumosity  is a 
product that involves cognitive tasks as fun-to-do games and notes that, “every game 
targets an important ability to you, like memory, attention, problem-solving, and more” 
(“Learn How Lumosity Works” video previously hosted at www.lumosity.com: “Cutting 
Edge Science Personalized for You,” 2015; Simons et al., 2016). Other programs such as 
Cogmed and CogniFit use similar marketing strategies to target other niche markets such 
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as schools and therapists (“How Cogmed is Different”, 2015), by noting it will decrease 
distractions, improve your daily life, and help you socially, academically and in the 
professional world (“How Cogmed is Different”, 2015; “Improve Your Brain While 
Having Fun”, 2015; Simons et al., 2016). These companies cite published articles, and 
referring to the company founders’ expertise (Simons et al., 2016). For example, 
Lumosity’s website provides customers or readers with 46 papers, conference 
presentations, and posters from the Human Cognition Project 
(www.lumosity.com/hcp/research/bibliography). Other companies such as CogniFit make 
similar statements, and say their games are designed by neuroscientists (“Improve Your 
Brain While Having Fun”, 2015; Simons et al., 2016).  
However, researchers have raised questions about the validity and reliability of the 
claims these companies are making (Simons et al., 2016). Do these brain-training 
interventions make a difference in many real-world domains, such as social, academic 
and professional (Simons et al., 2016)? In October 2014, and open letter was issued by 
the Stanford Centre on Longevity and the Max Planck Institute for Human Development. 
This letter – signed by 70 neuroscientists and psychologists – objected to claims that, 
“brain games offer consumers a scientifically grounded avenue to reduce or reverse 
cognitive decline… there is no compelling scientific evidence to date that they do” (“A 
Consensus on the Brain Training Industry From the Scientific Community”, 2014). A 
similar open letter was released in December 2014, from over 133 scientists that agreed 
claims made by brain training companies may be exaggerated and misleading 
(www.cognitive-trainingdata.org/; Simons et al., 2016).  
The controversy over general cognitive training continued in January 2016 when 
the Federal Trade Commission (FTC; Federal Trade Commission, 2016a) charged Lumos 
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Labs with “deceptive advertising”. This charge was the result of claims they had made 
about Lumosity’s effectiveness and success. “Lumosity preyed on consumers’ fears about 
age-related cognitive decline, suggesting their games could stave off memory loss, 
dementia, and even Alzheimer’s disease. But Lumosity simply did not have the science to 
back up its’ ads”, said by an FTC official (Federal Trade Commission, 2016a).  After the 
$2M settlement, the FTC and Lumos Labs agreed that any future claims made by the 
company would have to be substantiated with competent scientific evidence, and test 
standards would need to be, “randomized, adequately controlled, and blinded to the 
maximum extent practicable” (Federal Trade Commission, 2016b).    
Brain-training companies market their products claiming the success rate of 
decreasing many cognitive impairments and outcomes (Simons et al., 2016). Age-related 
cognitive impairment, Alzheimer’s, Turner syndrome, and schizophrenia, are all 
examples of specific diagnoses that are said to decrease with the use of brain-training 
games (Simons et al., 2016). Contrary to arguments that expertise results from domain-
specific practice (Abernethy, Neal, & Koning, 1994; Helsen & Starkes, 1999; Starkes, 
1987), these programs claim that single non-specific interventions can have an array of 
positive outcomes (Simons et al., 2016). Research on general cognitive training has 
spanned across multiple domains with studies looking at post-stroke victims (Wentink et 
al., 2016), healthy aging populations (Roudaia, Lacoste & Faubert, 2016), individuals 
with learning disabilities (Tullo, Guy, Faubert, & Bertone, 2016), and professional 
athletes (Faubert, 2013).  
For example, Wentink et al. (2016), used Lumosity as their protocol for testing 
cognitive function in post-stroke patients. Their purpose for the study was to assess the 
effect of a general computer-based brain training program on multiple aspects of 
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cognitive function, quality of life (QoL), and self-efficacy, compared to the control group. 
110 post-stroke patients enrolled and participated in the study (107 were included in post-
study follow-up), and were instructed to complete 600 minutes of computer-based games 
(8 weeks, ~5 days/week, approximately 15-20 minutes/day). In using Lumosity, sixteen 
games were used that targeted five cognitive domains: attention, working memory, speed, 
flexibility, and problem-solving. The control group in the study received information 
online about post-stroke characteristics, and brain-damage. Every week of the 
intervention, new information was added online for the control group. The statistical 
analysis of scores (i.e. either speed of reaction time, or answers correct in testing) 
indicated little near and far transfer of the patients, and only performance on cognitive 
tests that were similar to the computer-based game improved in the training group and not 
the control group (Wentink, et al., 2016). In conclusion, the author noted that the tasks 
being learned need to be “…closely related to the impaired task itself” (Wentink et al., 
2016). This study suggests that use of general cognitive training programs still lack 
context-specific motor demands, and therefore lack ability of transfer from general task to 
specific task. Regardless of this, some researchers claim that general to specific skill 
transfer (i.e. far transfer) is trainable, and exists in sport performance.  
Supporters of general cognitive training have proposed that programs and 
activities with no domain-specific content, or motor control demands, could assist in 
improving athletes’ mental abilities that involve processing dynamic situations (Faubert 
& Sidebottom 2012). An example of general cognitive training is multiple object 
tracking. Multiple object tracking (MOT) is a technique used to study and train how the 
human visual system tracks multiple objects over a period of time. This technique 
suggests that a number of objects (typically 4) can be attended to an individuals’ visual 
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system, independent of dynamic environments, therefore allowing them to be consistently 
tracked (Pylyshyn & Storm, 1988). MOT testing is used as a ‘gold standard’ for testing in 
a variety of populations. This is because MOT claims: no side effects, no risk of toxicity, 
minimal time investments, and lasting effects for the participant (Parsons et al., 2014). 
The cognitive functions hypothesized to be engaged when using MOT are attention, 
working memory, and processing speed (Faubert & Sidebottom, 2012; Parsons et al., 
2016). Studies using MOT have reported benefits in an array of different populations 
including neurodevelopmental disorders (Tullo, Faubert & Bertone, 2017), learning 
disabilities (Tullo et al., 2016), ageing populations (Assed et al., 2016; Legault, Allard, & 
Faubert, 2013), and military training (Vartanian, Coady, & Blackler, 2016). In another 
example, Tullo et al., (2016), used MOT as a means to train attention in participants with 
learning disabilities. However, proposed interventions (i.e. pencil-and-paper tests, 
computer-game programs, nutritional supplements, and stimulants) have raised 
complaints that there is a lack of consistency in transfer effects, intervention can be 
costly, invasive to the participants, and associated ethical issues such as using 
supplements or nootropics (i.e. cognitive enhancing drugs; Parsons et al., 2016).  
Parsons et al., (2016) used MOT to see if there were improvements in working 
memory, attention, and information processing speed. Twenty university-aged students 
were recruited to participate in the study and were randomly assigned to either the 3D-
MOT group (n=10), or the control group (n=10). All subjects were required to complete 
neurophysiological tests, electroencephalogram (EEG), and a 3D-MOT session, 
regardless of the group they were placed in. For the MOT group, each participant was 
required to complete 3 sessions (20 trials/session) of MOT, twice per week, for a period 
of 5 weeks. The results showed that both the MOT and the control group improved their 
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scores, but significantly differed in their final session scores as the control group’s final 
MOT scores reflected only Week 2 of the MOT group. EEG results showed increases in 
theta and alpha frequency bands in the MOT group, and no changes were demonstrated in 
the control group. Overall results from the study showed that the MOT group made 
significant improvements in task scores, with a suggestion that the results may persist 
over time. Despite the 7-week delay from baseline to end-test scores, the control group 
also showed improvements in their scores (with scores resembling the first 2 week from 
the MOT group). The authors concluded that, in healthy populations, MOT training could 
improve some cognitive function in participants (Parsons et al., 2016). 
Some general cognitive training programs using MOT are being used by elite 
level athletes (Neurotracker, 2016). One of these products, known as The Neurotracker™, 
is being used by many sports teams, including the Vancouver Canucks, Canadian 
Olympic Committee, Manchester United, and Atlanta Falcons (Neurotracker, 2016). 
These programs advocate that skills learned and retained from general brain training 
activities are transferable to specific domains (e.g., sport). Using MOT, 3D visual frames 
and speed thresholds, the technique of MOT claims to improve athletic performance by 
widening an athlete’s visual field, as well as increase their general attention and memory 
capacity during performance (Neurotracker, 2016). Claims made from use of MOT 
training include: improvement proficiency for player and movement tracking on-court or 
in a field of play, increases in dual-perception tasks (i.e. reading the body language of an 
opponent without faulting in own performance), and increased ability to process patterns 
for in-field performance (Faubert et al., 2012; Romeas, Guldner, & Faubert, 2016; Perico 
et al., 2014; Faubert, 2013; Tinjust, Allard, & Faubert, 2008; Vartanian, Coady, & 
Blackler, 2016).  
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A study completed by Romeas, Guldner and Faubert (2016), assesses the transfer 
capabilities with 3D-MOT training in elite soccer players. This study hypothesized that 
the selective attention and processing speed of multiple moving targets would be crucial 
to assist in expert-decision making skills (Romeas, Guldner & Faubert, 2016). Therefore, 
the hypothesized skills that could improve through MOT training are passing, dribbling, 
and shooting, as these skills require navigating through many targets in a given time. 
Twenty-three males from the Carabins soccer team at the Université de Montréal were 
recruited to participate in the study, and were divided into 3D-MOT group (n=9), active 
control group (n=7), and passive control group (n=7). The experimental group (3D-MOT) 
completed 30 sessions of MOT (and were also actively trained for 10 training sessions; 
twice a week for five consecutive weeks). The active control participants watched 2010 
FIFA World Cup soccer videos twice a week for five weeks. Participants in the active 
control group were informed prior to the test that this would have a positive effect on 
decision-making skills in performance. The participants in the passive control group 
received no instruction or training for the study. Subjective and objective decision-
making field assessments were completed pre- and post-test (i.e. surveys on players 
confidence in decision-making [subjective], and short-sided-game [SSG] skill assessment 
of passing, dribbling, and shooting). Results from the experimental group showed that 
there was a significant improvement in passing accuracy between pre- and post-test 
sessions (15%, respectively). However, no differences were seen in decision-making 
accuracy for shooting and dribbling in this group compared to other groups. While no 
differences were observed in the active and passive control groups, participants in the 
experimental group reported improvements in confidence levels on decision-making 
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skills. Results from this study indicate potential skill transfer from MOT sessions to on-
field performance (Romeas, Guldner, & Faubert, 2016).  
An earlier conference abstract by Perico, Tullo, Perrotti, Faubert, and Bertone 
(2014) looked at transferability from MOT tasks to other measures of attention with the 
use of feedback. Forty healthy adults participated in the 4-consecutive day trial, and were 
split into 2 experimental groups (one group received feedback during MOT sessions and 
attentional tasks, and the other group did not). On the 4th day of the trials, the feedback 
group performed significantly greater on MOT tasks, as well as greater transferability to 
other cognitive tasks (Perico et al., 2014). These results suggest that over the short 4-day 
trial, there appeared to be some level of transferability in the participants after their MOT 
sessions. 
Although these programs are a seemingly compelling platform for developing 
anticipation and decision-making in athletes, there is limited evidence to say that a 
transfer of learning occurs between training using programs and sport performance 
(Broadbent et al., 2015). Claims that general cognitive training programs (i.e. non-
specific to domains) have beneficial impacts on high performance sports may raise 
concerns to how general programs can have specific significance to improving high 
performance athletes. Conflicting findings exist about the effect of general cognitive 
training programs. Previous studies on such programs have shown that there are limited 
effects in the transferability of general skills to domain specific areas (Wentink et al., 
2016).   
 For over 130 years, cognitive performance has been a focus of psychological 
studies and research (Tricot & Sweller, 2013). Much of that research has been focused on 
the effects of general cognitive skills and learning, despite a large body of research 
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outlining the importance of domain-specific knowledge (Helsen & Starkes, 1999; Tricot 
& Sweller, 2013). Researchers concentrating in sport expertise, have focused on the 
perceptual-cognitive skills that are used in anticipation and decision making, and 
identified how these processes are acquired through engagement of practice (Williams et 
al., 2011).  
In dynamic team sports, such as basketball, hockey, and soccer, knowing “when-
and-where” to look is the difference between a successful and unsuccessful game 
(Williams, 2000). As well, the athlete’s ability to “read” the game (i.e., perceptual-
cognitive skill) distinguishes expert (skilled) and non-expert (less skilled) athletes (Helsen 
& Starkes, 1999; Starkes et al., 1998; Williams, 2000). However, athletes in team and 
individual sports are not ranked based on superior vision (Abernethy 1987; Helsen & 
Starkes, 1999), and visual training programs have not shown transfer to the field of 
play/competition (Wood & Abernethy, 1997). However, there is some evidence to 
suggest that 3D-MOT can enhance cognitive function in healthy young adults (i.e. 
attention, visual information processing speed, and working memory; Parsons et al., 
2016), and transfer to biological motion perception within laboratory settings in ageing 
populations (Legault & Faubert, 2012). Therefore, further research is needed to test 
similar effects in high performance athletes, or athletes in competitive playing fields. 
Sport science literature suggests that an athlete’s perception of the environment 
and their attention allocation is a determining factor between expert and non-expert 
performers (Williams, Davids, & Williams, 1999). In comparison between skilled and 
non-skilled athletes, skilled athletes show greater proficiency in anticipation and decision-
making skills, as well as pattern recall and technical awareness when the context is 




Sport science literature focusing on deliberate practice in sports have consistently 
shown that experts spend more time in overall training, when compared to novices (Baker 
& Young, 2014; Helsen, Starkes, & Hodges, 1998; Helsen & Starkes, 1999). Experts also 
allocate more time to engaging in specific activities that are the most relevant to the 
development of critical skills for expert performance (i.e. deliberate practice; Baker, Côté, 
& Abernethy, 2003; Helsen, Starkes, & Hodges, 1998). With the use of DP in sports, 
future research is needed to confirm how general cognitive training fits into a specific 
athletic plan, or deliberate practice. 
Athletes depend on their perceptual-cognitive skills to achieve the best possible 
results in their sport domain. For example, knowing when and where to look in practice 
or competition, is a vital key for successful performance (Mann et al., 2007). In many 
cases, athletes are faced with saturated visual displays that are rich with both relevant and 
irrelevant information needed for a task (Williams, Davids & Williams, 1999). Therefore, 
interventions that are inclusive of perceptual-cognitive training need to be related to the 
domain of the participant. Perceptual-cognitive skills are demonstrated to be the results of 
specific training and practice. However, some claims are made towards the benefit of 
general cognitive training when trying to increase these skills.  
General cognitive programs pose an alluring platform for developing anticipation 
and decision-making in athletes. However, there is limited evidence that a transfer of 
learning occurs between training using programs and sport performance (Broadbent et al., 
2015). Although some studies have reported transfer from general cognitive training to 
in-field performance and other cognitive abilities (Romeas, Guldner, & Faubert, 2016; 
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Perico et al., 2014; Faubert, 2013), there are conflicting findings that exist about the effect 
of general cognitive training programs to domain specific areas (Wentink et al., 2016).   
2.5 THEORETICAL FRAMEWORK: THE EXPERT PERFORMANCE 
APPROACH 
Ericsson and Smith (1991) proposed the Expert-Performance Approach as a 
framework to study expertise. This framework has been useful for studying expertise 
development, and it aligns with the aims of this project. Transferable across multiple 
domains (i.e. music, medicine, education, and sport; Ericsson, Krampe & Tesch-Römer, 
1993; Ericsson, 2004; Plant, Ericsson, Hill & Asberg, 2004; Williams & Ward, 2003), the 
Expert-Performance Approach contains three interrelated stages: capture, identify, and 
examine (see Figure 1 – adapted from Ford, Coughlan & Williams, 2009; Ericsson, 2003; 
Ericsson & Smith, 1991). The first stage is to observe expert performance in situ or in 
experiments to see the essential skills that relate to the performance. Observation findings 
are then used to develop a representative simulated task that allows for reproduction of 
the essential skill in a controlled environment (Ford, Coughlan & Williams, 2009; 
Ericsson, 2003). The second stage of identifying the underlying mechanisms of expert 
performance are measured. This can be through cognitive processes (i.e. verbal reports, 
decision making skills), or gaze behavior (i.e. eye movements, temporal or spatial 
occlusion). The third and final stage is used to trace back expert mechanisms and identify 
how and when they were acquired; to be used for future implication or development of 
practice (Ford, Coughlan & Williams, 2009; Ericsson, 2003).   
This framework was used in the present study to test the underlying mechanisms 
that lead to expert development, and if MOT has an effect on the development of sport-
specific perceptual motor performance. Proponents of MOT typically market this 
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technique as a way to increase expert performance, and to significantly increase already 
developed mechanisms for performance (Faubert & Sidebottom, 2012). Therefore, this 
framework was instrumental in determining the study design for the present study. Using 
tools that measure sport-specific perceptual-cognitive skill, as well as preexisting 
information on physical performance, we were able to use an intervention design (i.e., 
Stage 3) as a way to compare the differences from the start to the end of the study. 
Furthermore, this framework and study design allowed for the determination of MOT as a 
potentially useful training modality in this population. A description of each stage of the 
Expert Performance Approach, are presented below.  
 
Figure 1. The Three Stages of the Expert-Performance Approach (adapted from: Ericsson & Smith, 1991; Ford, 
Coughlan, & Williams, 2009; Ericsson, 2003). 
 
Stage 1: Capture 
 Previous research (Simon & Chase, 1973; Helsen & Starkes, 1999) has shown that 
expert-novice differences exist in many different fields of practice. For example, expert 
golfers outperform novices in putting accuracy (Beilock, Wierenga & Carr, 2003), and 
elite figure skaters and gymnasts outperform novices in technical jumps and combinations 
(Deakin & Cobley, 2003). Capturing expert performance in team sports can raise some 
























goal among all players. Furthermore, defining roles on teams would infer that each roles 
carries a specific goal (i.e. guard the defender/offender, create space for teammates, get 
the ball into the basket, etc.; Ericsson, 2003). With this, team sport domains carry 
challenges in measuring individual performance, and subsequently measuring 
performance on a single task (Ericsson, 2003).   
Stage 2: Identify 
After developing tasks to capture expertise in sport, the goal is then to identify the 
mechanisms that contribute to the superior performance over an intermediate or novice 
performer (Williams & Ericsson, 2005). Identifying the mechanisms that contribute to 
expert performance has often been overlooked as an aspect of the Expert Performance 
Approach. This is because previous studies have identified the differences between 
experts and novices, but not specifically mechanisms that mediate expertise (Williams & 
Ericsson, 2005). One of the techniques that is used in this stage is film/photo occlusion. 
The temporal occlusion technique involves filming an action from the participants’ 
perspective. The film is then edited at certain parts to provide the viewer with limited 
information about the following action (i.e. baseball pitch in air prior to reaching the 
batter). The temporal occlusion paradigm is used in research to test prediction accuracy in 
experts compared to novice performers. Previous research that has used this has 
demonstrated that experts have greater anticipatory skills, and they are also greater at 
using relevant anticipatory information from opponents’ early movement behaviours 
(Abernethy & Russell, 1987; Goulet, Bard, & Fleury, 1989). As such, the occlusion 
paradigm is used to test perceptual-cognitive mechanisms that lead to expert performance 




Stage 3: Examine  
The final stage is used to determine and examine how experts attain skills that are 
needed and used in superior performance. For example, past studies demonstrate that 
expert performers displayed a significantly greater amount of time in practice compared 
to less-superior counterparts performance (see Deakin & Cobley, 2003; Ericsson et al., 
1993). Based on mechanisms of expert performance (Stage 2) specific training 
interventions can also be tested as part of Stage 3. Indeed, results suggest that such 
training interventions can be beneficial for enhancing mechanisms of expertise, such as 
perceptual-cognitive skills in performers (Williams & Grant, 1999), reinforcing this 
framework has valuable tool for understanding expertise development.   
The Expert Performance Approach in the current study 
Stage 1 
The present study allows for the use of the Expert-Performance framework (Stage 
1) under two conditions: population sample, and the Individual Technical Quality 
Measurement Tool (ITQMT). In order to be eligible to participate in the present study, the 
athletes at Wheelchair Basketball Canada needed to have at least 5 years of wheelchair 
basketball specific training, and at least 2 years of National or International Competition 
Experience. Indeed, we are observing movement patterns and perceptual-cognitive skills 
in athletes who can be considered ‘advanced’ or ‘expert’ in their field (see Baker, Wattie 
& Schorer, 2015). As previously mentioned, there are challenges when trying to capture 
expert performance in team sport. Therefore, we used the ITMQT in order to measure 
individual categorized differences (i.e. individual components in General, Offensive and 
Defensive skills). The ITMQT is the closest tool to measure physical on-court 
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performance in wheelchair basketball athletes, which allowed us to further distinguish the 
finer differences in skill between participants.  
Stage 2 
Stage 2 (Identify) was represented in the present study by components of General 
Executive Functioning (i.e. verbal/non-verbal reasoning, and short term memory [STM]) 
and sport-specific cognitive skills (i.e. Pattern Recall – photo temporal occlusion), as 
these were considered potential mechanisms that could mediate expert performance in the 
participants (Mann et al., 2007; Faubert & Sidebottom, 2012). Both tools were used as 
comparisons from pre-test measurements to post-test (i.e. repeated measures), to look at 
the potential changes and/or effect of the intervention over time. 
Stage 3 
The current study examined mechanisms that may contribute to expert 
performance by using Multiple Object Tracking (MOT) sessions as a training 
intervention. This type of training modality is typically marketed as a way to increase 
mechanisms of expert performance (i.e. perceptual-cognitive skills) as well as 
performance itself (i.e., ITQMT) (Faubert & Sidebottom, 2012). Therefore, we 
incorporated MOT as a training intervention to examine efficacy of MOT training on 
mechanisms that may contribute to expert performance in the participants. 
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There has been tremendous growth of sport-science literature completed on able-
bodied or mainstream athletes. However, research completed on the development of 
perceptual-cognitive skills on athletes with physical disabilities is scarce. Twelve Senior 
high performance/National Academy athletes were recruited from Wheelchair Basketball 
Canada to participate in a pre-test vs. post-test intervention study of general cognitive 
training (GCT) effects on sport-specific performance. Athletes were tested in general 
executive functioning, sport-specific cognitive skills (pattern recall), and sport-specific 
physical performance indicators. The intervention was 4-weeks of multiple object 
tracking (MOT). Results from statistical analyses showed little-to-no changes over the 
study period, which supports the hypothesis that participation in MOT would have no 
effect on performance in wheelchair basketball. Future research is needed in this area and 
would benefit from a larger sample size, a control-group, and extended study period. 
Coaches are encouraged to be cautious in their use of GCT programs in high performance 
athlete training environments. 
 
Keywords: perceptual-cognitive training, general-cognitive training, Paralympics, athlete 







There is extensive literature dedicated to understanding the development of elite 
athletes. The diverse information on athlete development in different sports, highlights 
the challenges of developing elite performers (Baker & Farrow, 2015). Research in the 
development of elite athletes has been prominent in Sport Psychology research for 
approximately 40 years. However, one area in particular that requires more research is the 
development of elite athletes in para-sport populations (Dehghansai et al., 2017a).  
The Paralympic movement began in 1944 when the Stoke Mandeville games were 
created with the aftermath of veterans returning home from World War II (“Mandeville 
Legacy”, 2014). Initially, sport was introduced as a form of rehabilitation, which soon 
turned into competitive showcases for the public (“Mandeville Legacy”, 2014). The 
International Stoke Mandeville Games were held immediately after the Opening 
Ceremonies of the 1960 Rome, Summer Olympic Games; which was considered the first 
Paralympic Games (“Mandeville Legacy”, 2014; “Paralympics – History of the 
Movement”, n.d; ). The Paralympic Games has seen significant growth from the 1960 
Rome Summer Games, to the 2016 Rio de Janeiro Games (approximately 1000%; 
Murdoch, 2012; “Rio 2016” n.d.). With the growth of Parasport competitions there has 
been some sport-science literature dedicated to the Paralympic movement regarding 
athlete biomechanics, and developmental milestones (see Burkett, Melfont & Mason, 
2012; Goosey-Tolfrey et al., 2002; Daly et al., 2003; Dehghansai et al., 2017b). A recent 
systematic review by Dehghansai et al., (2017a) was completed to look at the influences 
of development on athletes with disabilities, which only found 21 articles (majority 
published after 2001). Furthermore, the majority of the articles included emphasized a 
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common theme that there was a lack of training programs, and sport-specific guidelines 
for athletes with disabilities (Dehghansai et al., 2017a). Of the 21 articles found and used 
in the review, none of those articles were completed on the perceptual-cognitive abilities 
in athletes with physical disabilities (Deghgansai et al., 2017a).  
Perceptual-Cognitive Training 
Perceptual-cognitive skill is an individual’s ability to integrate environmental 
information with existing knowledge in order to return the appropriate response and 
execution (Marteniuk, 1976). In many team sports, athletes need to be able to execute a 
play, read their opponents, and make the correct move in order for success in performance 
(Williams, Davids, & Williams, 1999). Therefore, perceptual-cognitive skills are unique 
indicators to expert-performance. Perceptual-cognitive skills are predominantly thought 
to be domain-specific and the result of domain-specific practice, and therefore specific to 
each sport (Mann et al., 2007; Nuri et al., 2013; Schapschröer et al., 2016). For example, 
Helsen & Starkes (1999) found no differences in general cognitive capacities in experts 
and non-experts (i.e. central and peripheral reaction and correction times), but differences 
between the groups in specific cognitive capacities (i.e. when the tasks were specific to 
the domain of the participant; [soccer skills]). Similar findings have been found in 
multiple sports such as basketball (Allard, Graham, & Paarsalu, 1980), field hockey 
(Starkes, 1987), volleyball (Allard & Starkes, 1980; Ripoll, 1988) and soccer (Helsen & 
Pauwels 1993a,b). These findings suggest that the mechanisms that contribute to 
expertise development are the results of deliberate practice, and not innate differences. 
However, contrary opinions to domain-specific foundations of expert perceptual-




General Cognitive Training 
General Cognitive Training tools (GCT) are games or activities that exercise 
cognitive components (i.e. working memory, decision-making skills) with the goal of 
improving performance in everyday tasks (i.e. at home, at work, in school; Simons et al., 
2016). Furthermore, GCT tools have no domain-specific motor control demands, or 
perceptual information. Proponents of GCT have proposed that a multiple-object tracking 
programs could assist in improving mental abilities that involve processing dynamic 
situations; such as, maneuvering and navigating through traffic, or athletes during sport 
activities (Faubert & Sidebottom, 2012). Supporters of GCT suggest that a single training 
program could assist a variety of individuals and outcomes, regardless of their domain of 
performance.  
Research on GCT (i.e. Multiple Object Tracking is an example of GCT) has found 
that training interventions can increase attention, working memory, and informational 
processing speed (Parsons et al., 2016). Multiple object tracking (MOT) is a technique 
used to study and train how the human visual system tracks multiple objects at a given 
time (Pylyshyn & Storm, 1988). General cognitive programs like MOT pose an alluring 
platform for developing anticipation and decision-making in athletes. However, there is 
limited evidence to say that a transfer of learning occurs between training using programs 
and sport performance (Broadbent et al., 2015). Although some studies have reported 
transfer from general cognitive training to in-field performance and other cognitive 
abilities (Romeas, Guldner, & Faubert, 2016; Perico et al., 2014; Faubert, 2013), there are 
conflicting findings that exist about the effect of GCT programs to domain specific areas 
(Wentink et al., 2016). An example of this can be seen in Farrow et al., (2017) review on 
conceptualizing sport expertise. Farrow et al., (2017) notes that although general 
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cognitive training is an inviting technique to use, there is a significant lack of evidence to 
support its utility in expert development. Furthermore, a recent systematic review by 
Harris, Wilson, and Vine (2018), looks at the implications of use for GCT in sport. 
Results of the review indicate that evidence from GCT programs to far transfer (i.e. 
irrelevant) tasks in sport is limited. Moreover, the authors noted this was because the 
tasks being tested (i.e. GCT program) did not reflect the sporting environment itself (i.e. 
making it less relevant to far transfer effects).  
The sport science literature suggests that an athlete’s perception of the 
environment and their attention allocation is a determining factor between expert and 
non-expert performers (Williams, Davids, & Williams, 1999). However - comparing 
between skilled and non-skilled athletes - skilled athletes show greater proficiency in 
anticipation and decision-making skills, as well as pattern recall and technical awareness, 
when the context is specific to the task (Helsen & Starkes, 1999; Williams, 2000).  
Although there is some literature published on the transfer effect of GCT into 
domain-specific skills (see Romeas et al., 2016), there is no known research testing this 
effect on elite level athletes with physical disabilities (Dehghansai et al., 2016a). The 
purpose of this study is to look at the impact of a GCT program on the sport-specific skill, 
and pattern recall skills in Canadian Wheelchair Basketball athletes. Based on previous 
research findings (Simons et al., 2016; Wentink et al., 2016), we hypothesize that 
participating in General Brain Training Games will have no effect on the sport-specific 
cognitive skills and performance in Canadian Wheelchair Basketball players. 
Specifically, we hypothesize that sport-specific performance levels will be maintained, or 
minimally vary after participation in the intervention. Since this study explores learning 
and performance of high performance elite level athletes, the power law of practice 
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(Logan, 1988; Newell & Rosenbloom, 1981) suggests it will likely take proportionately 
more time and practice to elicit improvements in skill. Lastly, according to previous 
research completed on attention and concentration tasks, people who completed the same 
test repeatedly improved their performance on that tasks (Bühner, 2001). As such, it is 
hypothesized that tests scores on MOT will maintain or increase from Week 2 
comparisons to Week 5 (the first and the last week of the MOT intervention). 
3.3 METHODS 
 
3.31 Study Design 
The purpose of this study is to look at the impact of a GCT program on the sport-
specific skill, and pattern recall skills in Canadian Wheelchair Basketball athletes. In 
order to test the effectiveness of the MOT program on physical and cognitive sport 
performance, we used a pre-test vs. post-test cohort case study design. This includes pre-
test and post-test measurements of general executive function and sport-specific skills, 
and includes the MOT sessions as an intervention. The timeline and feasibility is shown 
below for a visual representation of the overall study (see section 3.331). 
3.32 Ethical Approval 
A letter of support to run the study at the National Training Centre, and 
permission to recruit athletes from Wheelchair Basketball Canada was received on 
Thursday, December 1st, 2016 (Appendix 1). Full ethical approval was received from 
Canadian Sport Institute of Ontario’s Research Ethics Board on Tuesday, April 25th, 2017 
(CSIO REB 2017-02: Appendix 2) and from the University of Ontario Institute of 
Technology’s Research Ethics Board on Friday, September 29th, 2017 (REB #11671: 





Participants were recruited from Wheelchair Basketball Canada’s high 
performance and National Academy programs out of the National Training Centre 
(Toronto, Ontario). A letter of approval for the study, and permission to recruit the 
athletes was received on Thursday, December 1st, 2016 (see Appendix 1). A PowerPoint 
presentation was presented to the athletes as part of the Informed Consent process. 
Interested participants were given an Informed Consent (Appendix 4), and asked to sign 
either Option 1, or Option 2. By signing Option 1, the athletes agreed to participate in the 
study in full, and allowed the release of their results to the Coach, Integrated Support 
Team (IST), or other support staff of WBC for the purpose of Individual Performance 
Plans (IPP). Option 2 agreed the athlete to participate in the study in full, but did not want 
to have their results shared with their Coach, IST, or support staff of WBC. 
Participants are Senior and Academy level Athletes, from the Canadian National 
Wheelchair Basketball Team. Thirteen men (n=9) and women (n=4) ranging from age 18 
– 40 years, were recruited to participate in the study.  The participants have a medically 
documented disability, or are considered minimally-disabled by the policies of the 
International Wheelchair Basketball Federation (IWBF), the International Paralympic 
Committee (IPC), and Canadian Paralympic Committee (CPC; International Wheelchair 
Basketball Federation [IWBF], 2014). In order to be eligible to play Wheelchair 
Basketball under IWBF jurisdiction, an athlete must have a permanent physical disability 
that reduces the function of lower limbs. This must be to the degree the athlete cannot 
run, pivot, or jump at the speed and control, endurance, and safety required to play in 
stand-up basketball as an able-bodied player (IWBF, 2014). All participants who 
72 
 
completed the study have ≥ 5 years of Wheelchair Basketball specific training and, ≥ 2 
years of National or International competition experience. Informed consent was obtained 
from all participants prior to participation in the current study.  
Due to physical disability-specific complications, one of the participants dropped 
out of the study. This created the final total of 12 participants (men: n=8, women: n=4).  
3.331 Timeline 
The timeline presented in Table 1 (see below) was shown to the participants prior 
to signing up for the duration of the study. This was to show those who would consent to 
participate, how much time was expected of them during the study process, and the 
differences between the groups. 
Table 1. Study timeline for participants 
Group 1 September 
2017 
Week 1 Baseline Measurements (~30 minutes per 
participant) 
  Week 2 MOT Intervention (1 x 6 min session – 3x/week) 
  Week 3 MOT Intervention (1 x 6 min session – 3x/week) 
 October 2017 Week 4 MOT Intervention (1 x 6 min session – 3x/week) 
  Week 5 MOT Intervention (1 x 6 min session – 3x/week) 
  Week 6 Post-Test Measurements (~30 minutes per 
participant) 
Group 2 October 2017 Week 1 Baseline Measurements (~30 minutes per 
participant) 
  Week 2 MOT Intervention (1 x 6 min session – 3x/week) 
  Week 3 MOT Intervention (1 x 6 min session – 3x/week) 
  Week 4 MOT Intervention (1 x 6 min session – 3x/week) 
 November 
2017 
Week 5 MOT Intervention (1 x 6 min session – 3x/week) 
  Week 6 Post-Test Measurements (~30 minutes per 
participant) 
*Groups are separated based on return from Recovery Period following World Qualifier in Cali, 
Colombia. Participants that were not in Colombia would fall under Group 1, and those that were in 
Colombia would go into Group 2. 
**Participants completed 12 MOT at the end of the 4-week period 
 
3.34 Pre-Test and Post-Test Measures 
Prior to and after the MOT Neurotracker™ trials, athletes completed a baseline 
assessment of general cognitive skills (i.e. executive function) and sport-specific 
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perceptual cognitive skills (using a temporal occlusion task), and on-court performance 
was assessed through the Individual Technical Quality Measurement Tool (see below for 
description).  
Cambridge Brain Science tasks. General Executive Functioning (GEF), or 
Executive Function (EF), is considered responsible for regulating complicated tasks 
(Miyake et al., 2000). Measures of GEF were used to establish a baseline for participants 
and as a measure convergent validity, as one of the mechanisms (i.e. claims) from MOT 
training is that it is said to improve general cognitive functioning. The measure of GEF 
we used are from Cambridge Brain Sciences (CBS; 
http://www.cambridgebrainsciences.com/). All tests from CBS took approximately 15 – 
20 minutes to complete, and were delivered via internet program (i.e. computer). The 
CBS battery is a highly researched tool with over 300 peer-reviewed publications. Some 
of their studies include age-related cognitive decline (Ferreira et al., 2015), effect of 
cognitive function post-physical activity (Nanda, Balde, & Manjunatha, 2013), ‘brain-
training’ protocols (Owen, et al., 2010), and concussions in varsity athletes (Brewer-
Deluce, Wilson, & Owen, 2017).  
The tests that were included from the Cambridge battery are: Spatial Span – which 
measures spatial working memory (subject will watch a sequence of flashing boxes that 
appear one after another, and recall the previous sequence); Feature Match – reasoning 
and short term memory task (two boxes with shapes appear on the screen. Participants are 
required to figure out if the shapes are identical, or if they differ in some way); Rotations 
– this test relies mainly on reasoning, although some short term memory is used (this test 
requires the participant to rotate squares on a screen and determine if they would be 
matched or mismatched as a result); Double Trouble – relies on mainly verbal  abilities, 
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but also deals with reasoning and short-term memory (three words appear on the screen – 
1 at the top and 2 on the bottom. The participant needs to choose the word that correctly 
describes the colour of the top word; similar technique to Stroop test; tests response 
inhibition). Token Search – assesses ability of retention and short-term working memory 
(a token is hidden under one of the squares on the screen. Once the first token is found, 
the participant needs to remember what square it was found other, and continue to click 
the squares until every token is found; a token will never appear in the same box twice; 
www. https://www.cambridgebrainsciences.com/tests).  
 Sport-specific pattern recall. Participants were required to complete a basketball 
‘temporal occlusion task’ (see Figure 1), that aims to test sport-specific perceptual-
cognitive skill. Participants completed this task pre-intervention to establish a baseline of 
this sport-specific cognitive skill. Post intervention with the MOT program, this task will 
be used to assess the transferability of general cognitive training to specific perceptual 
cognitive skills. The temporal occlusion task is a computer-based test that consists of 
actual video stills of real basketball plays on court (taken from non-Canadian Wheelchair 
Basketball games from the Rio 2016 Paralympic Games). Representative of wheelchair 
basketball games, each scenario had 10 players on court, with typical offensive and 
defensive positions or plays in overview angles. Previous studies that tested performance 
in pattern-recall using structured versus unstructured patterns have shown that experts 
will outperform novice counterparts when the pattern is domain-specific (e.g. Simon & 
Chase, 1973; Helsen & Starkes, 1998); therefore, only typical and specific wheelchair 
basketball patterns were available for this study. These stills, which go through different 
offensive and defensive plays, are taken from high-definition video footage from the Rio 
2016 Paralympic Games. Each trial began with one of the stills being shown, and 
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immediately showed a black screen for 5s. A frozen frame of sequence of the video 
reappeared for 5s immediately followed by a black screen again for 5s (temporal 
occlusion). The task is for  
 
Figure 1. Example of a trial of the Sport-Specific Pattern Recall task (not used in present study). In the first 
image is a typical defensive vs. offensive play used in wheelchair basketball. This image is shown for 5s, 
then temporally occluded (image 2) for 5s. This is repeated for a second time (image 3 and 4). Immediately 
following this, the participant is required to recreate the pattern on a blank court using X and O to 
differentiate offensive and defensive players (image 5).  
 
the participant to recreate the still on a blank basketball court (using X & O to represent 
either offensive or defensive players) as accurately as possible in relation to the head of 
the players on the screen. This test is a reliable indicator of pattern recall as well as 
decision making skills in the subjects. A similar protocol and test design has been 
performed on female handball athletes, to test the differences in decision making 
processes between expert and novice performers (Schapschröer et al., 2016). 
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 Accuracy of player position reiteration (i.e. pattern-recall error) was determined 
using distance from actual player to recalled player. Participants would recreate the 
pattern on a blank identically sized basketball court. The principle investigator used 
“onion skin” (i.e. translucent paper), as an overlay with the correct pattern on it. This 
overlay was used as the “answer key” and compared to the reiterated pattern from the 
participant. With this, the distance between each of the recalled players and the correct 
player position (in cm) was measured in relation to the centre of the player (body with 
chair). A mean value and total sum (i.e. sum value that was larger than zero determined 
pattern accuracy – the larger the sum in turn means decreased accuracy of player position 
in the pattern; the larger the sum, the larger the error) was generated for each player in 
each pattern, as well as a mean value and sum for the entire pattern performed. This 
procedure has been previously used in a computer setting (i.e. measuring pixel length as 
opposed to pen and paper; see Schapschröer et al., 2016) 
Individual Technical Quality Measurement Tool. The Individual Technical 
Quality Measurement Tool (ITQMT; Appendix 5) is a tool used within Wheelchair 
Basketball Canada (WBC) that assesses the General, Offensive and Defensive skills used 
within the game. The ITQMT was developed approximately three years ago by Michael 
Frogley (former World Champion and Paralympian [1990 & 1992], two-time Paralympic 
Gold Medal Senior Men’s Head Coach [2000, 2004], Silver Medal Senior Men’s Head 
Coach [2008], former Division 1 Head Coach [University of Illinois – Wheelchair 
Basketball], former Wheelchair Basketball/Adaptive Sports Professor [17 years, 
University of Wisconsin-Whitewater/University of Illinois], former WBC High-
Performance Director [2015-2016], and current WBC National Academy Head Coach). 
The ITQMT was made to increase objectivity in evaluating athletes in coaching 
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staff/integrated sport staff. Data from ITQMT is considered secondary data usage, as it is 
already being collected for a sole purpose (i.e. performance analytics) within the WBC 
program, and being used for athlete evaluation and research. Information from the 
ITQMT has been previously collected for over 3 years by the Performance Analyst at 
WBC, and the most recent data collection (< 6 months old) will be used in the pre-test 
design, and new grades will be taken after the MOT intervention for the post-test 
measures.  
The ITQMT measures general, offensive, and defensive skills that are specific to 
wheelchair basketball. General skill measures include communication on court, seeing 
other players (teammates and opponents), and how the athlete is pushing in their chair. 
Offensive skill measures include ball handling/dribbling, passing/catching, and shooting 
mechanics. Defensive measures include 1-on-1 plays with the ball, 1-on-1 plays without 
the ball, and rebounding. Skills are measured on a scale from 0 – 4, and are calculated by 
each individual skill, and then averaged for an overall score (per athlete; for an example 
of the ITQMT rubric, see Appendix 5). This tool was used in practices and competition in 
order to track the changes in each athlete from the time they begin the study, to the time 
they have finished. All measurements with this tool were completed by Dylan Carter 
(Wheelchair Basketball Canada – Performance Analyst) in order to maintain 
standardization within the measurements (avoiding observer bias, as well as new 
individuals who may be just learning how to use the tool). Mr. Carter has been the 
Performance Analyst at WBC for three years, and was the first few people to use the 
ITQMT shortly after it was developed. 
Similar to pattern-recall and CBS testing, ITQMT scores were determined in 
similar competitions, depending on the athlete. This means that some of the athletes’ 
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ITQMT scores were used in an International Competition, while others were used in an 
at-home Academy scrimmage. This was to guarantee that comparative ITQMTs were 
based on similar start and finish events (i.e. level of competition). Depending on the 
participant, ITQMTs were used from the IWBF World Championship Qualifier (August 
2017) and compared to the Japan National Team games (in Tokyo, Japan, or Toronto, 
Canada - December 2017), or Academy 5-on-5 games (September 2017 – December 
2017).   
3.35 Intervention 
Since the study is focused on the impact of general cognitive training and its 
impact on sport-specific performance, MOT sessions were used as an intervention. The 
Neurotracker™ is a program that uses MOT as a main component of training. It is said to 
increase or improve athletic performance by training multiple object tracking skills, and 
challenges athletes to increase their focus and attention by tracking multiple objects at 
high speeds. The delivery of this tool can be through a computer, or a television, and 
requires the participant to either be seated, or performing an activity (ex. dribbling a 
basketball) for the duration of the trials. When subjects complete this test, they are 
required to focus on 4 of 8 objects moving around the screen (for approximately 6 
seconds). These 4 objects will illuminate at the beginning of the trial, and all objects will 
be numbered. Once the trial starts, the numbers on the objects disappear. After the objects 
move about the screen for approximately 6 seconds and cease moving, the participant is 
required to successfully reiterate each of the 4 objects that were illuminated at the 
beginning of the trial, in order to receive a ‘pass’, and increase their speed for the 
following trial (Figure 2). 
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The participants were required to complete 12 sessions of MOT by the end of the 
study-intervention period (i.e. Week 2 – Week 5). The amount of sessions chosen for the 
overall study was based on previous literature, and the constraints within the teams’ high 
performance training environment. Previous research has varied in amount of prescribed 
MOT sessions from testing tracking speed through 1 session (Mangine et al., 2014), no 
set amount of trials (although reported a maximum of 6 sessions; Tullo, Faubert & 
Bertone, 2018), 10 sessions (Vartanian, Coady, & Blackler, 2016), 15 sessions (Faubert, 
2013; Faubert & Sidebottom, 2012), 30 sessions (Romeas, Guldner, & Faubert, 2016), 
and over 40 sessions (Faubert & Sidebottom, 2012). Due to the scheduling in high 
performance sport, the allotted study time of 6-weeks per participant was the maximum 
amount of time data collection could happen at the training centre (i.e. prior to teams 
leaving for away-tournaments, or decentralizing back home). Therefore, in order to attain 
a true intervention study design (including measuring baseline, and post-test data), we 
could only dedicate 4-consecutive weeks to training on MOT. In order to achieve the 
maximum amount of MOT training with the participants, and also be in accordance with 
current literature, 3-sessions per week was selected for the study (3 sessions/week for 4-
weeks concluded the amount of total MOT sessions to twelve). 
 
Figure 2. Example of the five stages of a typical MOT session. The first image is the presentation of all of 
the objects, and their starting position. The second image is the illumination of the targeted objects; the 
following image is the same position, without the illumination (removing target indicators). The fourth 
image is the multidirectional movement of all of the objects. The final image is the selection of the original 
targets from image 2. 
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 The program used in this study formulates multiple variables after the participant 
has finished their session. Variables included: Score (considered the speed threshold of 
the total MOT session), % Target Correct (this is targets for the entire MOT session – 20 
trials – which have a total of 80 targets. This percent is formulated from the total amount 
of targets the participant chose correctly), Start Speed (the start of the first trial of each 
session), Total test time (the total amount of time it takes the participant to complete the 
session), and current/initial baseline (Current Baseline is a mean of the first 3 CORE-
sessions a participant completed. Whereas Initial Baseline is the average of the first three 
sessions). Regarding the present study, the variable we have chosen to isolate and use in 
analysis and results is Score. This is due to the generalizability of the values in this 
variable, and their relatedness to overall progress in the intervention, and comparison to 
the pre- and post-test measurements. 
3.36 Individual Reviews 
After the completion of MOT trials (intervention – end of Week 6), participants 
had the opportunity to sign up for Individual Reviews of progress, and were shown 
comparisons of results from Week 1 and Week 6, as well as Week 2 and Week 5.  
3.4 MATERIALS  
3.41 Apparatus 
The pre-test and post-test tasks were presented on a 15-inch HP ENVY X360  
Convertible Notebook (Hewlett-Packard, Palo-Alto, CA) laptop, and the participants were 
seated in a standard chair (approximately 18-inches from floor), their daily wheelchair 
(maximum 19-inches from floor), or their wheelchair basketball specific game chair 
(maximum 21-inches from floor). Seat height (excluding standard office chair) was 
dependent on participants’ wheelchair basketball specific classification, or physical 
disability. The laptop was fixed on a table (maximum 30-inches from floor), directly in 
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front of the participant. The distance between the laptop and participant was 
approximately 55cm.  
The intervention MOT sessions were presented on a 42-inch SONY LCD TV 
(Sony Corporation, Tokyo, Japan). The television was fixed on a shelf (approximately 40-
inches from the floor), directly in front of the participant. The distance between the 
television and the participant was between 5-feet and 8-feet – depending on the visual 
capacity of the participant (i.e. near vs. far-sighted). Participants were required to 
complete the intervention in the seated position (see above for chair specificity). Due to 
equipment availability, all pre-test, post-test, and intervention sessions were completed in 
2D measurements. 
3.42 Conditions 
 Participants completed pre-test, intervention, and post-test tasks either pre or post 
exercise (e.g. team practice, individual skills practice, or strength & conditioning). For 
further discussion of conditions, refer to “Limitations” section (see Chapter 3.7).  
3.43 Procedure 
 Upon arriving at the laboratory (National Training Centre – Toronto, Ontario), 
participants registered and created a profile with Cambridge Brain Sciences, and The 
Neurotracker (basic demographics; outlining age, sport, and disability – if applicable). 
Prior to the start of the pre-test/post-test tasks, a visual and verbal explanation of the task 
was presented. In the pre-test/post-test and intervention conditions, participants were in 
the seated position in front of the apparatus. 
 For the GEF tasks, a short video was shown containing a written explanation of 
the task and a brief example of how the task looks. All of the participants completed the 
GEF tasks using the touch-screen option on the apparatus. For the sport-specific pattern 
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recall task, the Principle Investigator verbally explained how the task works, what the 
participant was required to do, and showed the participant an example of the task (that 
was not used in the actual testing process). This was done to ensure the participant fully 
understood the task correctly.  
 Similar to the pre-test/post-test measurements, the intervention task was both 
verbally and visually explained to the participants via The Neurotracker. Each MOT 
session contained 20 trials and lasted for approximately 6 minutes.  
 Total data collection for each participant took approximately 110 – 120 minutes 
for the 6-week study. 
3.44 Statistical Analysis 
Descriptive statistics, such as means, standard deviations (SD) and proportions, 
were generated to describe the study sample and variables. Due to the pre-post design of 
the study, analyses compared multiple participant scores (independent variables (IV)) on 
the Cambridge Brain Sciences (CBS), Pattern Recall Task, and ITQMT from the pre-test 
baselines to the post-test results. As such, paired samples t-test, correlations, mediation 
and moderations were performed to compare the change in performance and effect of the 
intervention from pre-test to post-test. The criteria for statistical significance on all 
analyses will be a p < 0.05. All data was implemented in SPSS 21.0 and G*Power 3.1.7 
for statistical analysis (Faul et al., 2007). Specific statistical analyses are described below. 
Analysis of data from this study follows a similar procedure to other studies by Abernethy 
et al., (1994), Abernethy et al., (2005), and Schapschröer et al., (2016). 
3.441 Pattern-Recall 
Averages were used in t-tests from pre- to post-test comparisons to assess changes 
in pattern-recall as a result of the MOT intervention. 
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3.442 Cambridge Brain Sciences 
 As the thesis requires a comparison from pre- to post-test, as well as looking at the 
convergent validity of the intervention and the CBS cognitive tests, paired t-tests were run 
to look at the changes over the time of the intervention of each of the scores. We used 
these results to determine if there were any changes in GEF in the participants. 
 In regards to convergent validity, we also ran a correlation table looking at all of 
the post-test measurements from CBS cognitive tests, Pattern-Recall error, and all 
ITQMT components, in relation to the final performance of the MOT intervention. MOT 
interventions are hypothesized to increase cognitive functions such as improving 
attention, working memory, and information processing speeds. In relation to this, the 
tests selected from the CBS battery for the present study test similar components of 
cognitive function. As such, the correlation table was primarily to test the degree at which 
two separate components (e.g. CBS vs. MOT performance) are in fact related to one 
another (i.e. convergent validity). 
3.443 ITQMT 
 Individual components of ITQMT (i.e. Defensive skills, Offensive general skills) 
were assessed from pre- to post-test in t-tests. Furthermore, ITQMT overall averages were 
compared in t-tests.  
3.444 Moderation of MOT-Intervention on ITQMT and Pattern-recall 
To quantify how MOT performance relates to post-test on-court performance and 
domain-specific perceptual cognitive skill, moderation effects were run through 
PROCESS v3.0 by Andrew Hayes on SPSS (Hayes, 2012). This helps to indicate if level 
of MOT performance influences the relationship of ITQMT and Pattern-Recall from pre- 
to post-test measures. PROCESS for moderation requires three axis to be indicated for 
running the correlation of these tests. In the case for this study, the X and Y (outcome 
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variable) variables are the pre-test and post-test results of the tests, the W variable 
(moderating variable) is the final score the participant had on Session 12 of MOT 
training. An example of this relationship can be seen in Figure 3.  
 
Figure 3. Moderating relationship of MOT intervention (final session score – Week 5, Session 12), on 
outcome. Outcome (dependent variable) is post-test results of pre-test measures (i.e. ITQMT and Pattern 
Recall).  
3.445 Mediating Effect of MOT-Intervention on ITQMT and Pattern-recall 
To quantify and explain the relationship between variables, and their potential 
affect of the intervention, mediation effects were run through PROCESS v3.0 by Andrew 
Hayes on SPSS (Hayes, 2012). Mediation effects require three variables to determine the 
correlation. X (pre-test measurement) and Y (outcome variable i.e. post-test 
measurement) variables, and M (mediation variable) is the final score of MOT 
performance (i.e. Session 12 MOT). An example of this relationship can be seen in Figure 




Figure 4. Mediating relationship of MOT intervention (final session score – Week 5, Session 12) on 




In regards to the aim of the study, we hypothesized that there would be no effect 
of GCT on sport-specific cognitive performance, and Wheelchair Basketball athletic 
performance. Furthermore, we hypothesized that ITQMT scores would vary only slightly, 
and MOT scores would maintain or slightly improve by the final session of training. 
Paired t-tests, correlations, moderation, and mediation effects were computed to look at 
the associations of test components (Pattern recall, CBS, and ITQMT) from pre- to post-
test.  
3.51 Descriptives 
 A total of 13 participants were recruited for the study. At the beginning of the 
trials, one of the participants dropped out due to a disability-specific medical emergency, 
leaving the final amount of participants at twelve. Of the sample, we had an uneven split 
between males (66.7%) and females (33.3%). Furthermore, the females were, on average, 
older than the males (Δ=24.3 years, SD = ±3.77). 41.7% of the total participants had 
congenital disabilities, and 58.3% of the total participants acquired physical disabilities. 
The participants were evenly divided in regards to placement on the National Team, 
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versus placement on the Academy Team, or NWBA Team (Toronto Rollin’ Raptors). 
Table 1 shows descriptives of the participants in the study.  
Table 2: Descriptive statistics of participants in study 



























20 – 32 20 - 32 21 - 28 20 - 23 21 - 32 21 - 28 20 - 32 
SD = standard deviation 
3.52 Pattern-Recall 
 Paired samples t-tests were carried out to compare pattern-recall performance 
before and after the MOT intervention. The analysis of pattern-recall results revealed 
statistical significance between pre and post-test results (see Figure 5: Δ = -0.17cm, SD = 
±0.27, t(11) = -2.20, p = 0.05, dz = 0.62). 
 






3.53 Cambridge Brain Sciences 
 In order to compare the pre and post-test results of CBS scores (i.e. test results of 
Stroop Test, Search Task, Spatial Span, Feature Match, and Rotations), individual 
repeated measure t-tests were run. The analysis of CBS scores resulted in minute 
differences between pre-test and post-test sessions as a group. The Stroop test had an 
average difference of Δ=5.250, which was not statistically significant (SD = ±9.650, t(11) 
= -1.885, p = 0.086, dz = 0.54); Search Task showed no average changes (Δ = 0.00, SD = 
±2.30, t(10) = 0.00, p = 1.00, dz = 0) Spatial-Span task had little changes with a mean of 
Δ=0.083 (σ = 0.669, t(11) = -0.423, p = 0.674, dz = 0.12). Although Feature Match, and 
Rotations showed a greater increase between pre-test and post-test results, the relationship 
of overall changes is a non-significant negative relationship (Feature Match: Δ = -9.833, 
SD = ±30.51, t(11) = -1.117, p = 0.29, dz = 0.32; Rotations: Δ=-12.33, SD = ±50.26, 
t(11) = -0.850, p = 0.41, dz = 0.25). Figures 6, 7, 8, 9, and 10 outline the pre- to post-test 
results of the CBS components.  
  
















Figure 7: Average Pre-Test to Post-test results of Search Task 
 
Figure 8: Average Pre-Test to Post-Test Spatial Span results 
 
Figure 9: Average Pre-Test to Post-Test Feature Match results 





 ITQMT results demonstrated only subtle (in both positive and negative directions) 
differences from pre to post testing (see Figure 11). Paired t-test results for the overall 
group average were not statistically significant for the comparison (Δ = 0.10, SD = ±0.22, 
t(11) = -1.57, p = 0.15, dz =0.45). Referring to Figure 11, ITQMT results in the 
participants’ on-court performance minimally changed from pre to post testing on specific 
components. Defense on Ball (1-on-1; Δ = 0.11, SD = ±0.35, t(11) = 1.10, p = 0.30, dz = 
0.31), Defense off Ball (1-on-1; Δ = 0.34, SD = ±0.37, t(11) = -0.32, p = 0.80, dz = 0.08), 
and Defense (2-on-2; Δ = 0.83, SD = ± 0.17, t(11) = -1.70, p = 0.12, dz = 0.47), and 
Offensive ITQMT components show similar results of minimal change, and statistically 
non-significant relationships. Ball Handling (Δ = 0.24, SD = ±0.60, t(9) = -1.40, p = 0.20, 
dz = 0.45), Seeing (Δ = 0.10, SD = ±0.26, t(11) = -1.31, p = 0.22, dz = 0.38), Passing (Δ = 
0. 13, SD = ±0.45, t(11) = -1.01, p  = 0.34, dz = 0.29), and Shooting (Δ = 0.27, SD = 
±0.65, t(11) = -1.5, p = 0.17, dz = 0.43).   
  
 




3.55 Correlations of Post-Test Measurements 
 In order to look at the relationships of all pre- to post-test had as a group 
(including final performance of the intervention), a correlation table was computed 
through SPSS. Pearson correlations can be seen in Table 3. Only those bolded have 
statistical significance at the p < 0.05, and p < 0.01 level (2-tailed).  
 Within the correlation table of post-test scores, there are only a few significant 
correlations. These include Defense Off-Ball with Passing (r = 0.58), Ball Handling and 
Passing (r = 0.77), ITQMT Post-test Average and Passing (r = 0.78), and Defense Off-
Ball and Shooting (r = 0.59).  Moreover, of the entire table, only one statistically 
significant correlation emerged that was not inclusive of the same test (i.e. ITQMT vs. 
































Pattern 2 0.61 .
Pattern 3 0.39 0.36 .
Pass 0.00 -0.03 0.01 .
Shot 0.18 -0.25 -0.26 0.57 .
Def. On-Ball 
(1-on-1) -0.2 -0.09 -0.52 0.25 0.20 .
Def. Off-Ball 
(1-on-1) 0.1 -0.26 -0.46 0.58* 0.59* 0.57 .
Def. 2-on-2 0.6 -0.26 -0.30 0.27 0.49 0.62* 0.18 .
Ball Handling
-0.2 -0.13 -0.23 0.77** 0.42 0.59 0.77** 0.13 .
Seeing 0.15 -0.33 -0.33 0.38 0.35 0.58* 0.73** 0.46 0.59 .
ITQMT 
Average 0.00 -0.21 -0.37 0.78** 0.71* 0.68* 0.84** 0.57 0.82** 0.73** .
Double 
Trouble 
(Stroop) 0.08 0.37 0.17 -0.26 0.14 0.21 -0.24 0.41 -0.11 -0.04 0.04 .
Search Task -0.16 0.04 -0.31 0.50 0.41 0.17 0.45 0.10 0.30 0.22 0.45 -0.16 .
Spatial Span -0.37 -0.28 0.02 -0.16 0.17 -0.06 0.14 -0.23 -0.02 -0.08 -0.05 0.00 0.19 .
Feature 
Match 0.12 0.42 0.58 -0.10 -0.10 -0.46 -0.15 -0.67* -0.08 -0.48 -0.35 0.02 -0.37 0.29 .
Rotation -0.19 0.03 0.31 -0.15 -0.01 -0.24 -0.04 -0.42 0.01 -0.17 -0.18 0.18 0.22 0.66* 0.42 .
MOT Final 
Score -0.43 0.03 0.00 -0.09 -0.43 0.51 0.03 0.12 0.16 0.22 0.06 -0.02 -0.17 0.28 -0.10 -0.09 .
*correlation is significant at the 0.05 level (2-tailed)
**correlation is significant at the 0.01 level (2-tailed)
Table 3: Correlations of Post-Test Measurements
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3.56 Moderating/Mediating Effects of MOT Intervention 
 When looking at the group as a whole, the results indicate that post-session scores 
increased from the beginning of the intervention (Week 2) to the end (Week 5). A 
repeated measures t-test was also conducted to look at the changes from Week 2 to Week 
5 (i.e. 1st session to 12th session of MOT training). Results indicated a statistically 
significant relationship from the 1st session to the last session of MOT training (Δ = 0.38, 
SD = ±0.34, t(11) = -3.9, p = 0.003, dz = 1.11). Individually, participants showed a great 
amount of variance in scores, with the highest being in Session 4 [0.65, 1.54] and Session 
12 [0.47, 2.26]. Figure 12 shows the average MOT performance with standard deviations 
from the first MOT session to the final session. 
 
Figure 12: MOT scores from baseline (Session 1) to Session 12 of the study 
3.561 Intervention vs. ITQMT 
In order to observe the effect that performance on the MOT intervention had on 
the pre-test measurements, we computed moderation analyses (i.e. final MOT session 
score), with a specific outcome variable (i.e. post-test ITQMT average). When looking at 














test), and last session of intervention (Session 12 MOT), we observe statistically 
significant results (b = 0.650, 95% CI [0.07, 1.22], t = 2.58, p = 0.032). This indicates 
that the strength of the relationship of on-court performance (pre-test to post-test) was 
moderated by participants’ performance level on the MOT task.  
To better understand the moderating effect of MOT performance on ITQMT, a 
conditional effect was computed to look at the differences between low, medium, and 
high MOT scores (i.e. lowest, median and highest results – 16th, 50th, and 84th percentile), 
and their effect on on-court performance (ITQMT). We can interpret the results in the 
following three ways: 
1. 16th percentile: When MOT scores are low, there is a non-significant 
positive relationship between the beginning of the study to the end (Pre-
Test ITQMT to Post-Test), b = 0.423, 95% CI [-0.016, 0.862], t = 2.22, p 
= 0.571.  
2. 50th percentile: At the mean value of MOT scores, there is a significant 
positive relationship between ITQMT Pre-test and Post-Test, b = 0.723, 
95% CI [0.360, 1.062], t = 5.04, p = 0.001.  
3. 84th percentile: When MOT scores are high, there is a significant positive 
relationship between ITQMT scores from Week 1 to Week 6, b = 1.140, 
95% CI [0.654, 1.624], t = 5.42, p = 0.0006.  
These results suggest that the relationship between Week 1 and Week 6 of 
ITQMT (on-court performance), and effect of MOT training, emerged in participants who 
had medium to high scores on MOT sessions. Therefore, participants who had greater 
ITQMT scores from Week 1 to Week 6, were more likely to have a greater performance 
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in the MOT sessions. Figure 13 shows the progress from the 1st – 12th MOT session, and 
the variance of ITQMT scores. 
 
Figure 13: The look of MOT moderating effects on ITQMT scores throughout the intervention of the study. 
  
Also, we computed mediating effects of ITQMT Pre-Test to the final performance 
of MOT Intervention (Session 12 Score), and the potential effect that had on ITQMT 
Post-Test. When looking at the mediating effects of MOT intervention, we see a 
statistically significant association (p = 0.01) on the direct relationship between ITQMT 
Pre-Test and Post-Test. The associations from the final MOT session indicate that on-
court performance (i.e. ITQMT post-test) was not mediated by the intervention. Figure 14 
outlines the mediating effects computed on each variable. 
 
































Figure 14. Mediating effects from Pre-Test ITQMT (X) to the final outcome of the MOT intervention (M), and then to 
the Post-Test ITQMT measurement (Y). 
 
3.562 Intervention vs. Pattern-Recall Skills 
 In order to observe the effect that MOT training had on Pattern-Recall skills in the 
participants from pre- to post-test measurements, we computed moderating effects of the 
intervention (i.e. session 12 of MOT), with the specific outcome variable of post-test 
pattern-recall score (i.e. average score of pattern 1, 2, and 3). When looking at the 
moderating effects between sport-specific cognitive skill (i.e. pattern-recall averages pre- 
and post-test), and the last session of the intervention (i.e. Session 12 MOT), we observe 
non-statistically significant negative results (b = -0.93, 95% CI [-2.13, 0.27], t = -1.79, p 
= 0.11). This indicates that progress in Week 1 to Week 6 of sport-specific cognitive 
performance was not moderated by performance in the intervention. Figure 15 shows 
progress from the 1st – 12th MOT session, and the variance of Pattern-Recall scores in the 
group. Since the above relationship was found to be statistically non-significant, no 




Figure 15: The look of MOT moderating effects on Pattern Recall scores throughout the intervention of the study 
 
 In order to look at the strength that the intervention directly and indirectly had on 
the pre-test (X) and post-test (Y) measurement results, we computed the final MOT 
session (Session 12 score) as a mediating variable (M). Referring to Figure 16, and 
looking at the mediating effects of the MOT intervention, we observe no statistically 
significant relationships. This indicates that the pre-test and post-test Pattern-recall results 
were not mediated by the intervention. 
 




































3.61 Pattern Recall  
 The results of the Pattern Recall analysis show that the group average error (i.e. 
distance in cm) from pre to post testing increased. This suggests that accuracy in pattern-
recall decreased with the participants as a group. Moreover, we observed variability in 
individual pattern-recall scores (i.e. some participants increased accuracy while other did 
not). Therefore, the effect of the MOT intervention on performance in pattern-recall was 
inconclusive.  
 Among reasons for variability in data (see Limitations section – 3.7), a potential 
reason we see a decrease in accuracy from the participants could be due to an inconsistent 
testing schedule. In order to attain all data in the study, the schedule needed to be fluid for 
all participants. Therefore, if a participant completed the pattern-recall assessment after 
practice, the effect of mental fatigue may have influenced the outcome of accuracy. 
Furthermore, participants are required to work on components of their Individual 
Performance Plan (IPP) from their coach. If a component of this involves a significantly 
higher amount of focus (compared to other days, or overall team practice), the participant 
may have exhausted components (i.e., cognitive effort) necessary for pattern-recall. 
Another potential reason for findings may be the relationship between pattern-
recall skills and anticipation. A study completed by Gorman, Abernethy, & Farrow, 
(2012), tested the pattern recall and accuracy in basketball and soccer players, 
demonstrates the insights of anticipation in domain-specific patterns (as anticipation is a 
characteristic of expert performance). In this study, experts and non-experts were shown 
various patterns in one domain (i.e. basketball), in random order of occurrence (i.e. 
chronological vs. reverse). Pattern-recall skills in this study were used to measure 
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cognitive skill differences in pattern-recall and anticipation. Results from this study 
suggest that when experts are provided with static or moving patterns from their area 
expertise, they are better at anticipating the next likely pattern.  
 In regards to the present study, the anticipatory nature of pattern-recall in experts 
may be the reason why we observe decreases in accuracy over the study period. This may 
be due to the experts (or participants with greater wheelchair basketball development) 
anticipating the next likely pattern, rather than assessing the presented pattern for face-
value. 
3.62 Cambridge Brain Sciences 
 The five tests (i.e paired t-test results) from the CBS battery (i.e. Stroop test, 
Search task, Spatial Span, Feature Match, and Rotations) showed a variance (i.e. 
inconclusive) of results from pre- to post-test analysis. Overall all group comparisons had 
no statistical significance, however, most participants made improvements from Week 1 
to Week 6 testing. 
 The lack of relation between MOT and GEF raises questions about the underlying 
process of MOT. Specific claims from GCT programs state that use of this technique (i.e. 
MOT) will result in increased attention, information processing speeds, and Working 
Memory (WM; Parsons et al., 2016). These same components are measured through the 
CBS battery test. As such, it is surprising to see that there is not a more explicit 
relationship between MOT and GEF. This also raises questions about the proposed 
underlying processes or mechanisms of MOT.  
 The role of WM capacity in sport and the development of expertise is something 
that has been previously disregarded in research (Farrow et al., 2017). WM is a construct 
of STM which is focused on the immediate conscious perceptual processing (i.e. 
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mechanism that is capable of information retention in a dynamic setting for on-going use; 
Furley & Memmert, 2015). Furthermore, WM is thought to be a general skill compared to 
long-term memory (LTM), which is thought to be a specific skill (i.e. very trainable 
through deliberate practice; Farrow et al., 2017). This in turn supports the concern that 
there was little-to-no changes in CBS testing results, as WM and STM should be 
impacted by general testing capacities.  
 In relation to sport-specific performance (i.e. ITQMT), there is some research that 
suggests WM is related to on-field performance (see: Farrow et al., 2017). In regards to 
the present study, we found that there were minor changes in both positive and negative 
directions, over the intervention period. This area of research, and exploring the role of 
WM in sport performance is an area that researchers (i.e. Farrow et al., 2017) say needs 
more evidence. Greater measurement techniques such as expert vs. novice paradigm may 
deliver considerably different results.  
 A limitation in looking at GEF in the present study, is that there is a lack of an 
‘opposing’ group (i.e. novices). The sample we tested in the present study, essentially 
compares experts within the same cohort. We did not find any definitive direction in 
regards to GEF and MOT performance. This may be because there is no relationship 
between the two variables, or perhaps it is because this may only be useful when 
distinguishing between experts and non-experts, rather than experts in the same group. 
3.63 ITQMT 
 Results from on-court performance are displayed through ITQMT scores (i.e. 
individual components and group-averages). Although all individual components, as well 
as group averages showed a non-statistically significant relationship, it is important to 
note that this relationship may still be important to the sport. According to the Power Law 
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of Practice (Logan, 1988; Newell & Rosenbloom, 1981), and looking at Practice Effects 
(Duff et al., 2007), performance is said to improve the most early in learning, begins to 
plateau over time, and approaches an asymptote later in learning (Logan 1988; Newell & 
Rosenbloom, 1981). Therefore, since the study is dealing with high performance (HP) 
athletes (some who have reached Paralympic competition), it can be assumed that 
learning and technical development in Wheelchair Basketball occurred when the 
participant originally started to play basketball. Therefore, with the participants in this 
study, any development to on-court performance will require substantially more time to 
elicit any observable changes. Furthermore, the entire group showed improvements from 
the start of the study to the end, which is also instrumental to a proper and productive 
training environment (i.e. everyday practices, strength and conditioning, rehab programs 
etc.). 
In summary, for these athletes, it is hypothesized that any changes in performance 
will be small. Furthermore, while these athletes were participating in the MOT 
intervention, they were still engaged in their daily training environment (DTE). This 
involves coaches still giving instruction in areas to improve. Therefore, the question of 
whether these changes are due to MOT or DTE remains. This is a limitation to the study, 
as we lose experimental control. Unfortunately, there was not a way to apply the 
intervention to some participants and not others; furthermore, it was not possible to stop 
all other training. However, this study is more ecologically valid as this is a typical 
environment of how MOT would be used in DTE. 
In regards to the validity and utility of ITQMT we further question the impacts it 
may have on real performance in wheelchair basketball games. ITQMT is a proxy for 
performance (i.e. an indirect way of measuring physical skill), developed by an expert in 
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the Para-sport community. However, this tool has not been further validated by 
researchers, and we understand that using this tool is as close as possible to look at 
performance measures for in-game performance. Furthermore, we suggest perhaps that 
different types of measures may also assist in looking at in-game physical performance.  
Different measures may also help to assess in-game physical performance. For 
example, box scores (i.e. stats) from a game (i.e. points made, assists, steals, fouls). These 
in-game results are usually computed at a major competition (i.e. Para Pan American 
Games, Paralympics), or IWBF sanctioned event (i.e. Qualifiers, World Championships). 
These, in conjunction with the ITQMT, may help to further assess on-court performance. 
Results in the present study may have considerably changed if we considered the overall 
result of each participant at the ITQMT measured game – as we would be observing 
another dimension of performance.  
3.64 Correlation of Post-Test Measurements 
 Correlational analysis were used to examine GEF, ITQMT components, Pattern-
Recall scores, and final performance in the MOT intervention. Table 2 displays 
statistically significant associations between post-test measurements. Of the 15 
statistically significant correlations listed, only one of the associations is comparative 
between two different measurements (i.e. ITQMT vs. CBS, as opposed to ITQMT vs. 
ITQMT). For example, most correlations are between ITQMT components (i.e. shooting 
vs. ITQMT overall average), which makes sense, as this is a component within itself. 
However, there is a statistically significant relationship between Feature Match 
(component of CBS), and Defense 2-on-2 (ITQMT component). There are two potential 
reasons as to why we observe this relationship. The first reason is that Feature Match, as 
well as 2-on-2 Defense, both involve short-term memory (STM) as well as reasoning in 
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order to be successful. Therefore, this relationship may reflect similar characteristics of 
tests. The other reason is that this relationship may have occurred by chance. Replication 
of methods and results would be needed in future research to observe if this relationship 
would appear again in the results.    
Although not reported as statistically significant, it is important to look at the 
Pearson Correlations between some of the variables in Table 2. What is demonstrated 
here is that the final MOT Session score does not have a strong linear relationship with 
any of the variables used in the study in both the positive and negative direction. This 
suggests that claims made in previous research about utility of MOT in benefitting 
working memory, attention, and processing speed (Parsons et al., 2016), are not 
conclusively supported here. Furthermore, sport-specific claims on physical performance 
(i.e. general technical skills such as passing or dribbling in soccer), improvement 
proficiency for player and movement tracking on-court or in a field of play, and increased 
ability to process patterns for in-field performance (Faubert et al., 2012; Romeas, 
Guldner, & Faubert, 2016; Perico et al., 2014; Faubert, 2013; Tinjust, Allard, & Faubert, 
2008; Vartanian, Coady, & Blackler, 2016), were not conclusively supported here as there 
appears to be no strong relationship to the final MOT session, and test components in the 
study.  
Potential reasons we would observe this result is due to there being no relationship 
between MOT performance and GEF, Pattern-Recall, and ITQMT. As Wentink et al. 
(2016), mentions in their study about near and far transfer from Lumosity to daily 
functioning of post-stroke patients, that the task being tested (i.e. GCT) needs to be 
closely related to the outcome task (i.e. functioning). Furthermore, researchers have 
questioned the validity of general-cognitive transfer to specific performance (Farrow et 
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al., 2017). Results of the current study may therefore reflect a lack of relationship 
between MOT performance and improvement in skills.  
3.65 Intervention – MOT Performance 
 As hypothesized, average group scores in MOT performance increased from 
Week 2 to Week 5. Although increased scores were displayed as a whole, it is important 
to look at the magnitude of increase, along with individual variance of scores. For 
example, the group increased performance from the start of the intervention to the end, 
however, all scores were between 1.00 and 1.50 (i.e. speed threshold of MOT). Therefore, 
this was not a substantially large increase in the MOT performance. Furthermore, even 
though the group showed an increase as a whole, standard deviation (i.e. variance) of the 
scores show that many participants were highly above or below that average. With the 
highest variance being in Session 4 and Session 12, future research would benefit from 
day-to-day surveys to attest for potential societal or environmental moderators the 
participants may be experiencing (i.e. sleep quality the night prior, exercise prior to MOT 
performance, overall interest in intervention task, past experience with video games, etc.). 
Moreover, a longer intervention time would be beneficial to account for learner effect of 
the intervention, as this may explain the variance of scores or improvement in score.  
3.66 Moderation and Mediation of Intervention 
MOT Intervention vs. ITQMT 
 In order to look at the effect that the MOT intervention had on the sport-specific 
test components of the study, we needed to look at how (if) performance measures were 
changed (negatively or positively) in relation to performance on the intervention. 
Moderation effects were computed with the X-variable being the pre-test measure, the Y-
variable being the post-test measure (i.e. outcome variable) and the moderator (W-
variable) being the final session score on MOT. For the specific relationship of the MOT 
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intervention, and ITQMT measure, we observe a positive statistically significant 
association. These results indicate (without considering magnitude), that on-court 
performance from Week 1 to Week 6 was moderated (i.e. effected) by participants’ 
performance on the MOT intervention.  
 In order to understand the previous relationship in greater detail, we computed 
conditional effects of the lowest, median, and highest MOT scores (16th, 50th, and 84th 
percentile). This was to understand the positive relationship, and perhaps to differentiate 
where it may emerge in participants. This suggests that participants who had greater 
ITQMT scores from Week 1 to Week 6 of the study, were more likely to have a greater 
performance in the intervention. Mediating effects were also computed to look at the 
indirect relationship between pre- and post-test results (see Figure 14). From these results, 
we observe that there is no effect from the independent variable (Pre-test measurement) to 
the MOT intervention. Moreover, there was no association between MOT intervention to 
the dependent variable (post-test measurement). With this being said, level of on-court 
performance was not indicative of performance in MOT. Furthermore, performance in 
MOT intervention did not further predict on-court performance after usage.  
The implications of these results suggest that there may be an effect, but it is not 
substantially increasing. This raises the question if you need to reach a certain level of 
MOT in order for it to beneficial? Previous research has not considered this, nor does this 
exist in any training documents (www.neurotracker.net). Furthermore, we question if 
there is a point in which MOT stop having benefits to performance? What are the points 
of diminishing returns (i.e. when does this stop working); are there any? Moreover, 
guidelines for use on MOT (i.e. how often; how many sessions per day/week/month, etc.) 
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are scarce. Therefore, we have very little information on use and benefits of this training 
tool. 
MOT Intervention vs. Pattern-Recall 
 In order to observe if sport-specific cognitive performance was similarly 
moderated by the MOT intervention, we computed the relationship between performance 
on both testing measures. The results showed that there was a negative, non-statistically 
significant correlation between performance on MOT sessions, and performance on 
pattern-recall skills (i.e. no moderating effect occurred). This suggests that over the time 
of the study, the more the participants completed MOT sessions, the worse they 
performed in sport-specific pattern-recall measures. This relationship is one that could 
have occurred simply by chance. Furthermore, this relationship could exist to the pattern-
recall task itself. Although only wheelchair basketball-specific patterns were used in the 
study, some of the patterns may have posed a greater challenge than others; specifically 
regarding recall skills in the participants. Therefore, future research would need to retest 
pattern-recall, perhaps with a greater amount of MOT sessions, a larger number of 
pattern-recall attempts, and increased participants, in order to test the validity of the 
results from the present study.  
 Due to the negative non-statistically significant relationship of moderation in 
MOT and pattern-recall, no conditional effects were computed to look at the emergence 
of the relationship. This is because a large majority of the participant’s cognitive 
performance decreased throughout the intervention. As such, we can assume that no 
moderating effects occurred in regards to MOT intervention sessions, and performance on 
pattern-recall measures. This is also reflective of the dose-response relationship between 
MOT sessions, and impact on sport-specific cognitive skill. Therefore, future research 
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would need to look at difference in amount of MOT sessions administered in an 
intervention to see if this could potentially have an influence on the strength of the 
relationship from pre- to post-test results.  
 In order to observe the indirect relationship of the intervention and pattern-recall, 
we computed mediating effects from pre- to post-test measurements. From this, we 
observe that the associations from pre-test, to MOT intervention, to post-test 
measurements, were not statistically significant. Therefore, we can infer that sport-
specific cognitive skills did not dictate MOT performance, and further, MOT 
performance did not predict pattern-recall performance after intervention sessions.  
 In regards to moderating effects of MOT performance in pattern-recall outcome, 
we found statistically non-significant results. With this being said, we question the overall 
impact that MOT performance has on sport-specific cognitive skills. Moreover, do these 
results suggest that MOT training has a more tangible impact on on-court performance, 
and not perceptual-cognitive performance? Unfortunately for the present study, there is 
too much variation in the data in regards to participants with congenital vs. acquired 
physical disabilities, and sporting milestones (i.e. starting age of basketball – in 
participants with acquired physical disabilities, and accumulated hours of practice – i.e. 
DP; Dehghansai et al., 2016b). Referring to Figure 9 on the moderating effects of the 
MOT intervention on pattern-recall performance, it is important to note that we have a 
small sample size (n=12), therefore, we were not able to remove data. There were 
extreme values for two data points may have had an effect on findings. We chose not to 
remove these data points as they were not errors, or outside reasonable range. However, 
we understand that these points could have made an impact (also with SD, and standard 
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error). A larger sample size would be beneficial for future research in order look at the 
impact of extreme values on data findings.  
3.7 LIMITATIONS 
Results from this study should be interpreted in light of the following limitations. 
Data analyses did not isolate for mediators and moderators that could affect anticipation, 
and decision making skills. These moderators include time of day test was taken (i.e. 
early morning before practice, or afternoon post practice), food intake prior to tests (i.e. 
carbohydrate intake can assist in preserving blood glucose concentrations and muscle 
glycogen – needed for competition; Hills & Russell, 2018), life events or trauma (which 
may serve as distracting to the participant),  previous experience playing action video 
games (which have been shown to improve visual skills, attention, memory, and spatial 
resolution in some studies; Green & Bavelier, 2003; Green & Bavalier, 2006; Green & 
Bavalier, 2007; Li et al., 2009), preconceived notions about the utility and validity of the 
intervention (some participants were decided on whether the intervention was affective or 
not, prior to the start of the tests). The small sample size in the present study also 
demonstrates larges variation, which can have an impact on overall changes, averages, 
and trends in the data. As such, a larger sample size would help to create a better 
representation of normal distribution in data. These could serve partially to explain our 
findings.  
The schedule for the participants to complete the tests had to be fluid in order for 
all tests to be completed. Due to the high performance population, many scheduling 
issues arose as a group, and individually. This resulted in inconsistencies of time and day 
of tests between and within participants. Future tests would potentially benefit from a 
more rigid schedule in the testing process. However, the study design and the MOT 
108 
 
intervention was representative of how MOT would be used and scheduled within a HP 
training environment. Moreover, in regards to scheduling conflicts, two similar studies 
completed by Schapschröer et al., (pg 1717; 2016a,b), on pattern-recall skills in female 
handball players notes this as a potential influencer to results. The author notes, “The lack 
of significant changes for any of the groups at rest or during physical exercise in our 
study might relate to the specificity of the pattern recall task. It is possible that 
submaximal exercise only has a facilitating effect on general perceptual-cognitive 
abilities” (Schapschröer et al., 2016b). Conversely, authors McMorris and Graydon 
(1997), did not find any effect of physical exercise (70% of maximum output) on 
decision-making capabilities in soccer-specific tasks. For the purposes of the present 
study, results may have been altered if all participants completed MOT intervention 
sessions in the same exercise protocol (i.e. same practice times and resistance training 
times). Furthermore, high performance athletes are used to using their perceptual-
cognitive skills while they are active. This also relates to domain-specificity in scheduling 
purposes as the practiced task would be more relevant to the real task. With this in mind, 
it would be beneficial for future studies to have more rigidity in scheduling in regards to 
either pre or post-physical exercise. This would allow for increased validity in results, as 
well as stern reasoning to relate results either to the effect of physical exercise, or rest. 
Sample size for the study could affect the deviation of measurements. A larger sample 
study for future research would serve as a benefit to properly measure these tests for the 
Wheelchair Basketball population.  
The participants involved in the study had a wide variety of either congenital or 
acquired physical disabilities. Regarding this, some participants were no longer able to 
take part in the study due to disability-specific issues (i.e. pressure sores, overuse injuries 
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of the shoulders and elbows), that prevented them from being involved in the DTE. Due 
to the span of physical disabilities in the participants, the data used in the study did not 
isolate or attest for athletic developmental histories, or sport milestones. Although all of 
the participants were required to have a certain amount of competition and training 
experience for the study, some of the results may be influenced by past-experience or 
sport-specific practice. For example, if an athlete acquired an injury later in life (rather 
than being born with one), they demonstrate later attainment of sport milestones 
(Dehghansai et al., 2016b). Furthermore, wheelchair basketball athletes demonstrated 
increased amount of hours of DP when they made a conscious decision to excel their 
sporting career (which included modified training regimens and non-sports-specific 
modalities [i.e. strength & conditioning]; Dehghansai et al., 2016b). With this, it could be 
assumed that athletes with congenital disabilities, how having engaged in more sport-
specific practice would have an advantage over athletes who have acquired a physical 
disability. However, it is demonstrated that athletes with congenital or acquired physical 
disabilities reach ‘key’ milestones (i.e. first National or International competition) around 
the same age (Dehghansai et al., 2016b). This could be further explained by Baker et al., 
(2003) study on athletes from team-ball sports. Results from the study indicated a 
negative relationship between accumulated sport-specific training hours, and the number 
of sports mainstream athletes participated in. This could help to explain how athletes with 
acquired physical disabilities were able to transfer skills from previous sports to 
wheelchair basketball (Dehghansai et al., 2016b).  
Although we did not collect athletic histories from the participants, we question 
what the potential implications would have been if we included for previous – potentially 
transferable – experience (i.e. athletes with congenital physical disabilities coming from 
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Sledge Hockey, Wheelchair Tennis, or Wheelchair Rugby [i.e. speed progressions, 
turning, and stopping are similar sport characteristics], or athletes with acquired physical 
disabilities coming from mainstream Basketball or Soccer [i.e. similar patterns in sport]). 
In parasport, there is a large variability in the amount of DP an athlete accumulates in 
order to perform at a high level (Dehghansai et al., 2016b). The amount of accumulated 
DP between the participants may have affected the results, as some participants may have 
advantages in either sport-specific cognitive skills or physical performance as a result of 
different training histories. Therefore, future research should isolate and attest for DP 
differences in participants, as it may serve as a potential explanation of the current results. 
Looking at the potential impacts that MOT performance had on sport-specific 
physical performance (i.e. ITQMT), we see minute changes in both the positive and 
negative direction. A limitation in using only pre- and post-test results is that we fail to 
observe typical trends in physical performance (i.e. non-intervention scores). Future 
research would benefit from having results or observations of physical performance prior 
to the start of the study in whole (i.e. using the same 6-month period prior to the start of 
the study). Having this pre-pre-test information would allow researchers to have prior 
knowledge of typical trends in performance, and better verify if the observed results are 
from the intervention itself, or a product of the DTE. 
In regards to the 3-Assumptions (see below), the present study falls short of 
representing this. Although we understand how certain cognitive components can be 
related to sport performance (i.e. attention, anticipation, decision-making skills, etc.), we 
failed to confidently measure if these components were trained through the intervention, 
and finally if they were successfully measureable through performance. Current research 
(Farrow et al., 2017) says that evidence in use of MOT programs is not compelling. Based 
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on evidence, and current quality of research, we recommend that practitioners exercise a 
healthy amount of skepticism about the efficacy and utility of programs, and their 
expectations about the benefits of use.   
Future Directions 
Given the controversy about general cognitive training programs and the need for 
more research on this topic (Simons et al., 2016), this research project will contribute to 
understanding whether these brain training programs have transferable benefits. This 
would be beneficial for all sports to understand the impact that different types of 
perceptual-cognitive training has on high performance sports, and athlete development. 
More broadly, this research will contribute to discussion about the claims of brain training 
companies. These companies promote the success of their products to a wide variety of 
different conditions and wanted outcomes (Simons et al., 2016). For example, they claim 
to help physical, and cognitive related decline such as Turner Syndrome and Age-Related 
cognitive impairment. As well, promote sport performance, everyday memory, and 
general cognitive ability in healthy populations (Simons et al., 2016). It is important to 
note the broader implications of these claims, as companies such as Lumosity, have made 
without the proper scientific evidence to support them (Federal Trade Commission, 
2016a, 2016b). As such, research on brain training games may contribute to better 
evidence-based practice and consumer awareness. 
Going forward, a number of assumptions need to be researched and verified. 
According to Abernethy and Wood (2001), when performing perceptual-cognitive 
studies, three key assumptions need to be met. The first assumption is that cognitive 
performance components (i.e. WM, visual information processing, attention control, etc.), 
need to be directly related to sport performance. The second assumption is that the above 
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performance components can be trained. Lastly, the third assumption is that training these 
performance components can have a measureable transfer to sport performance 
(Abernethy & Wood, 2001; Farrow et al., 2017). Currently, research has not shown these 
assumptions in regards to training with MOT sessions and level of sport performance 
(Farrow et al., 2017). Therefore future research is needed to further investigate which 
proponents of performance are being trained when using MOT programs, and also 
investigate the potential measurability and transferability of performance components 
from general-cognitive training to sport-specific performance. Furthermore, the 
availability and use of a control group in future studies is encouraged to further observe 
intervention effects. 
Future research is needed in the area of perceptual-cognitive training, focusing on 
athletes with physical disabilities. Future studies would benefit from use of a proper 
control-group, as well as longer intervention schedules. As there is no sport-specific 
context when using GCT, methods to improve observations of transfer effects is also 
needed. Future research would benefit from including more variables in participants (i.e. 
congenital vs. acquired injury, expert vs. novice comparisons, etc.), and a more rigid 
intervention/study schedule (see Schapschröer et al., 2016). 
In regards to personal characteristics of participants, a potential important variable 
would be to look at the differences between males and females. In the present study, the 
females were on average, older than the males. This is a similar outcome to Dehghansai et 
al., (2017b), paper on training histories of Canadian Wheelchair Basketball players. With 
this being said, future research could compare male vs. female differences looking at 
present age, and starting age into sport-specific practice, and if this has an effect on 
deliberate practice hours between sexes (as older athletes may not have a considerable 
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amount of increased DP compared to younger athletes). Furthermore, this would benefit 
training curriculums to see if perhaps techniques, such as MOT, are only beneficial for 
those who are on average younger, or less developed (in sport-specific development), 
compared to their teammates.  
 Comparing male vs. female differences would also be beneficial in future research 
when looking at overall team-performance of perceptual-cognitive skills. Tracking and 
training perceptual-cognitive skills could potentially give researchers insight to gaze 
behavior differences in males and females, and also, novices vs. experts. Efficient gaze 
behaviour and visual attention patterns can be considered an underlying mechanism of 
expert performance (Mann et al., 2007). Developed gaze control consisting of fewer eye-
fixations for a longer period of time are demonstrated to be characteristics of expert 
performers (Mann et al., 2007). Therefore, testing this type of behaviors in para-athletes 
may be a good indicator of skills that contribute to expert performance. Specifically using 
MOT, future directions could target gaze behaviors in para-athletes, and test if using 
MOT would increase skill and performance. Furthermore, future research could look at 
eye-movement patterns to look at anticipatory skills of experts, and how this differs from 
novices in the same cohort. Due to the unique developmental histories inherent to para-
athletes, it is important to increase research in this field, and particularly in perceptual-
cognitive training. 
Research on perceptual-cognitive training is scarce in para-sport populations 
(Dehghansai et al., 2017). As well, this research is good for collaborations between sport 
teams, sports centres, and universities to expand further knowledge in an area. As there 
are significant incentives for high levels of athletic performance and success in different 
programs, the need for evidence-based research is increasing. Research in high 
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performance sports is highly important for the innovation and development of programs, 
and athlete preparation into specific sports. Results from this study will be the first step in 
trying to understand how cognitive training will fit within a broader high performance 
training schedule. 
Expertise in Parasport 
While results from this study contributes to the understanding of perceptual-
cognitive training in high performance parasport, there are still strides that need to be 
made when concerning the definition of expertise, and our definition of deliberate 
practice.  
The theory of deliberate practice, as proposed by Ericsson and colleagues (1993), 
states that the theory fits for healthy individuals, and goes into detail on distinct physical 
characteristics of elite performers (see pg 394, Ericsson et al., 1993). As such, it is 
understood that Paralympic athletes do not possess “typical” physical characteristics for 
the generally defined expertise. However, the embodiment of expert performance is 
typically seen through support and followings, media attention, and coach and team 
admiration (Janelle & Hillman, 2003). Furthermore, the visual representation of expert 
performance is seen at large sporting events (i.e. Olympics, Super Bowl, World Cup, 
Formula One, etc.; Janelle & Hillman, 2003; Baker, Wattie, & Schorer, 2015). Therefore, 
it is impeccably hard to define expertise for a population in which expertise has not been 
explicitly defined.  
In the attainment of expertise, the 10-years (Simon & Chase, 1973), and/or 10,000 
hours (Ericsson et al. 1993) of practice, have been used as benchmarks for achieving 
expertise. The 10-year rule originally discussed by Simon & Chase (1973), says that 
experts typically need more than 10 years of practice to have appropriate skills to succeed 
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at an international level. Similarly, Ericsson and colleagues (1993) reported that expert 
violinists had achieved over 10,000 hours of practice by age 20. In regards to parasport, 
the starting age of practice, deliberate practice, and sport-specific practice can occur later 
in life, specifically for individuals with acquired physical disabilities (Dehghansai, 
2016b). Therefore, the framework of 10,000 hours or 10-years should consider physical 
ability as it relates to expertise, as the timeline of development may not occur in 
accordance to the previous rules. For example, if an athlete acquired a physical disability 
and begins to participate in parasport, they may not complete 10,000 hours, or 10-years of 
DP prior to reaching the highest level of competition. In regards to defining expert 
performance however, many Paralympians achieve podium results and set world records 
despite not achieving 10,000 hours or 10-years of training, and represent a large variation 
of DP (Dehghansai, 2017b). This suggests that there may be a need to redefine 
mechanisms of expertise, relative to sport domain and the individual participant (for a 
detailed perspective and taxonomy for skill in sport, see: Baker, Wattie & Schorer, 2015). 
We see this as a challenge in parasport, when trying to define which athletes are, and are-
not experts in their field (as some have engaged in more sport-specific practice earlier in 
life, compared to others). This is also challenging when looking at personal differences 
between athletes (i.e. congenital vs. acquired injuries), as previous research has shown 
that regardless of start time into sport, athletes follow similar patterns and milestones 
prior to reaching elite level competition status (see Dehghansai et al., 2017b). Therefore, 
reconsideration on the definitions of DP and expertise are needed in the parasport 






Furthermore, DP does not consider skill transfer when considering how para-
athletes reach expert levels. For example, if an athlete transfers from mainstream 
basketball to wheelchair basketball as a result of an acquired disability, is there an 
accumulated amount of practice considered between sports, and is this accumulation 
considered DP even though it is between sports? From this perspective, the original 
definition of expertise (i.e. the ability to consistently demonstrate superior athletic 
performance; Starkes, 1993), and the development of expertise (i.e. DP; Ericsson et al., 
1993), is fluid when considering the developmental milestones of athletes with physical 
disabilities. However, the nature of expertise in parasport raises many questions, as the 
definition of DP (with the determined 10,000 hour or 10-year rule) does not technically fit 
with elite performance of individuals with physical disabilities. Future research that 
focuses on parasport may need to consider alternative criteria and conceptualizations of 
expertise, as athletes with physical disabilities present unique developmental histories 
(either through congenital or acquired disabilities), that may not be in accordance with 
current definitions. 
3.8 CONCLUSION 
 Based on previous research of perceptual-cognitive training in sport performance 
(Simons et al., 2016; Wentink et al., 2016; Harris, Wilson & Vine, 2018), we 
hypothesized that having Canadian wheelchair basketball athletes participate in MOT 
would not effect their sport-performance. Our computed results in t-tests, correlations, 
moderation (pattern-recall), and mediation support this. One exception to the null is the 
moderating effect that occurred between pre- and post-test ITQMT scores. From the 
results, we observe that the strength of the relationship between pre- and post-test ITQMT 
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scores emerged in participants who also had high scores for the MOT intervention. 
However, we further observed that the relationship from pre- to post-test was not 
mediated by the MOT intervention (i.e. indirect effect of pre- to post-test). Given the 
mixed findings and limitations to the current study we can say that participation in the 
MOT intervention had an inconclusive effect on sport-specific performance.  
Implications for High Performance Sport 
 While more research is needed in this area of focus, we further conclude that 
participation in GCT programs has no harmful effect in sport training. If coaches or sport-
organizations are currently using GCT in their curriculums, it is encouraged to pair 
training with sport-specific modalities (i.e. dribbling a ball while using GCT) in order to 
add an aspect of sport-specific context, or motor-control demands. Furthermore, use of 
GCT in athletes who have no preconceived notion about the effect of training may be 
more beneficial than athletes who’s belief is negative prior to use of GCT – more research 
is also needed testing the perception of participants who partake in GCT.  It is possible 
that a sort of placebo effect may emerge based on athletes’ beliefs about the usefulness of 
MOT. As such, sport organization will have to balance potential benefits of MOT against 
the cost of such programs and whether athletes’ time would be better spent training on 
domain-specific tasks or in recovery.  
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4.1 THESIS SUMMARY 
Considering the increased growth of research completed on mainstream or able-
bodied athletes, it is apparent that research on the development of expertise of athletes 
with a physical disability has not matched the same level of growth (Dehghansai, Lemez, 
Wattie, & Baker, 2017). The comparatively smaller amount of research completed on 
athletes with disabilities in parasport stresses the need for future directions and work 
examining the analysis and training development of athletes with disabilities (Deghgansai 
et al., 2017). Moreover, research studying perceptual-cognitive training in athletes with 
physical disabilities is scarce. Among studies completed on mainstream or able-bodied 
athletes/participants, there is a lack of skill transfer from the practiced task to a real-life 
task (see Wentink et al., 2016). With this being said, and with support from previous 
research (see Wentink et al., 2016; Simons et al., 2016), we hypothesized that 
participating in GCT programs would have no effect on sport-specific performance in 
elite level athletes with physical disabilities. 
We recruited 12 Canadian Wheelchair Basketball players from the Senior high 
performance program, and National Academy program out of Toronto, Ontario. Athletes 
participated in a Pre-Test vs. Post-Test, Intervention study design to look at the potential 
changes/influence of the intervention. Total study time was 6-weeks, with the 
intervention taking place from Week 2 to Week 5. Week 1 consisted of GEF tasks, sport-
specific pattern-recall, and physical on-court performance measures of each participant. 
Week 2 – Week 5 consisted of 3x week MOT sessions, and Week 6 was a replication of 
Week 1.  
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Results from paired t-tests, correlations, moderation and mediation regressions 
support the presented null hypothesis that participating in a GCT intervention had no 
conclusive effect on sport-specific performance from pre-test to post-test. Minimal 
statistically-significant associations were reported on the changes from pre-test to post-
test measurements, which supports the notion of negligible effect over the time of the 
study. 
Limitations of the study include sample size, scheduling limitations, and 
mediators and moderators that would affect anticipation and decision-making skills in 
sport-performance. Going forward, stronger measurement tools are recommended to 
encompass if cognitive and physical components of sport are transferred from training 
interventions. Furthermore, a larger sample size, and true novice vs. expert comparisons 
would help in validating results.  
4.2 FUTURE RESEARCH 
Going forward, a number of assumptions need to be researched and verified. 
According to Abernethy and Wood (2001), when performing perceptual-cognitive studies 
(especially using GCT programs), three key assumptions need to be met. The first 
assumption is that cognitive performance components (i.e. WM, visual information 
processing, attention control, etc.), need to be directly related to sport performance. The 
second assumption is that the above performance components can be trained. Lastly, the 
third assumption is that training these performance components can have a measureable 
transfer to sport performance (Abernethy & Wood, 2001; Farrow et al., 2017). If the first 
assumption is true, then researchers could expect to see elite or expert performers 
distinguished from novice counterparts by basic visual function (i.e. expert performers 
would have greater function, whereas less skilled performers would have greater visual 
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errors; Abernethy & Wood, 2001). However, previous research (see Starkes & Deakin, 
1984; Abernethy, 1987) has demonstrated that expert vs. novice cohorts are not set apart 
by visual function. Therefore, visual function is not as necessary to expert development as 
originally thought (Abernethy & Wood, 2001).  
The second assumption that says components of cognition or visual performance 
can be trained, needs to be further researched on athletes. Reasoning for this is that GCT 
programs are highly similar to tools that both train and test visual function. Therefore, it 
is difficult to conclude if pre- vs. post-test differences are attributed to actual 
improvements in function, or simply, to learner effects (Abernethy & Wood, 2001).  
Finally, the third assumption that says that cognitive components, or visual 
function can be automatically transferred to sport performance, is significantly under 
tested. The assumption of the transferable relationship between basic visual or cognitive 
capacities is one of the main issues in the utility and efficacy of GCT programs 
(Abernethy & Wood, 2001). This is based on variables that are not associated with the 
linear relationship of visual/cognitive function vs. sport performance (i.e. self-efficacy, 
confidence in task, perception of cognitive training task; Abernethy & Wood, 2001). 
Furthermore, the third assumption violates one of the oldest and rudimentary principles of 
skill acquisition – that specific aspects of expert development can emerge from general 
training (Abernethy & Wood, 2001). In summary, if one of the assumptions is incorrect, 
then the GCT program used will not benefit sport performance (Abernethy & Wood, 
2001). Currently, research has not shown these assumptions in regards to training with 
MOT sessions and level of sport performance (Farrow et al., 2017). The current study 
also found that there was inconclusive results in regards to these assumptions. 
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In conjunction with the 3-Assumptions, results can also be interpreted though the 
theoretical lens of the expert performance approach (see Chapter 2.5). Results from the 
present study suggest that MOT training is not sufficient to identify mechanisms that lead 
to expert performance. Furthermore, this tool was not deemed useful as a training 
intervention to improve sport-specific performance or underlying mechanisms for expert 
development. A visual representation of this relationship can be seen in Figure 1 
 
 
Figure 1. Representativeness of MOT intervention for the Expert Performance Approach in Stage 1, Stage 2, and Stage 
3.  
 Evidence from the present study on MOT impact is not consistent with each stage 
of the Expert Performance Approach (developed by Ericsson & Smith, 1991). This can be 
seen in the results that MOT was not a sufficient tool to demonstrate implications for 
development (i.e. Stage 3; see relationship A), it failed to identify underlying mechanisms 
for expert performance (i.e. Stage 2; see relationship A & B), and lastly, was inconclusive 
in demonstrating improved effects on actual in-game performance (i.e. Stage 1; see 
relationship C). 
In the previously mentioned experimental investigation by Abernethy and Wood 
























“Despite their growing use, and the strong claims made by proponents of visual training 
regarding their effectiveness, the evidence to demonstrate that such programmes can 
improve both vision in general, and sports performance in particular, is almost entirely 
anecdotal and, consequently, subject to bias and expectancy effects.” (pg 203; Abernethy 
& Wood, 2001). Therefore, future research is needed to further investigate which 
proponents of performance are being trained when using MOT programs, and also 
investigate the potential measurability and transferability of performance components 
from general-cognitive training to sport-specific performance. Authors also noted, “In 
conclusion… (results) suggest that generalized visual training programmes of the type 
advocated by sports optometrists should be use with caution by athletes and coaches. 
These programmes do not appear to provide the improvements in either basic visual 
function or motor performance relevant to sport that they claim to produce” (pg. 220; 
Abernethy & Wood, 2001). With this, the availability and use of a control group in future 
studies is encouraged to further observe intervention effects. This would create 
opportunity to investigate the differences between experts and non-experts (rather than 
just experts within experts of a similar group), and furthermore, allow researchers to see if 
dosage vs. placebo (or no intervention), has an effect on performance.  
Aside from measuring the 3-Assumptions (see above), there are still many 
questions about the development, and perceptual-cognitive skill of athletes with physical 
disabilities. In regards to research, studies completed on athletes with a physical disability 
(at either the grassroots level, or elite level – Paralympics) are not as numerous as the 
literature on mainstream (i.e. able-bodied) counterparts (Dehghansai et al., 2017b). As 
such, it is important to continuously conduct research on this population to give us a 
better understanding of athlete development, and how this could perhaps effect 
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perceptual-cognitive skill, and skill development. Athletes with physical disabilities 
demonstrate unique developmental histories (Dehghansai et al., 2017b), and therefore, it 
may be useful to consider these unique constraints on perceptual-cognitive skill 
development. For example, athletes can have a variety of physical disabilities, which can 
be either acquired or congenital. Research suggests that there is variability in and how 
much each athlete trained prior to elite level status (Dehghansai et al., 2017b).  It is not 
clear how this variability in DP influences development of perceptual-cognitive skill.  
Furthermore, currently, it is not known how, or if, experience in sport prior to acquired 
physical disability influences transfer of perceptual cognitive skills – decision making and 
anticipation – to parasport. For example, if an athlete had previously played stand-up 
basketball and acquires a physical disability then transfers to wheelchair basketball. 
Furthermore, we have limited information on the perceptual-cognitive skill sets that each 
athlete has, and if type of injury affects this. Although specific to each sport, physical 
ability is categorized into classifications. Research that is currently missing is information 
on how perceptual-cognitive skills vary based on athlete classification (for more 
information on classification, see: International Wheelchair Basketball Federation 
[IWBF], 2014; “Classification”, n.d.; “2007 IPC Classification Code”, n.d.). Continued 
research investigating this may further assist in training curriculums, as it would allow 
personalization of perceptual-cognitive training programs. 
These questions demonstrate how little we know about parasport and athletes with 
physical disabilities. More specifically, we have little evidence to explain the influence of 
perceptual-cognitive training based on injury. We know that there is a significant amount 
of variation in regards to accumulated hours of DP, as well as athlete debut into high 
performance sport (based on physical ability and/or time and type of injury; Dehghansai 
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et al., 2017a,b). Future research would create additional information, and perhaps answers 
to the previous questions about athlete development. Furthermore, this research would 
make a growing impact on information of perceptual-cognitive skills in athletes with 
physical disabilities, as this information that is scarce (Dehghansai et al., 2017a). This 
information would inform athlete participation in perceptual-cognitive training programs, 
allow more information to shape the daily training environment for athletes, and create a 
greater understanding of how perceptual-cognitive skills are developed in athletes with 
physical disabilities.    
4.3 IMPLICATIONS 
Results from this study have important implications for perceptual-cognitive 
training prescriptions and usage in high performance sport. Previous research has shown 
that expert to non-expert skill differences exist when the task is specific to the domain of 
the participant (Helsen & Starkes, 1999; Schapschröer et al., 2016a, 2016b). Furthermore, 
it is known that MOT training includes no sport-specific context, or motor control 
demands (Faubert, 2013). Regardless of this, it is said that training with MOT requires 
high levels of working memory (WM), visual information processing speeds, and 
attention allocation/control (Romeas, Guldner, & Faubert, 2016). Current research is 
scarce in showing the effect of such interventions in the transfer of cognitive skill to on-
field performance, and more research is needed to show if cognitive capacities (i.e., WM) 
can influence sport performance (Farrow et al., 2017). Based on these arguments, the 
findings from the present study provide additional support to suggest that there is no 
transfer effect of GCT to domain-specific performance.  
Based on previous methodology, and results of MOT training on sport-
performance, it is not recommended that sport organizations invest in such programs, or 
135 
 
use them as assessment tools for Talent Identification (Farrow et al., 2017). Results from 
the present study create a good starting point into the use of MOT training in sport-
curriculum development. Furthermore, the present study is the first to be completed on 
the Para-sport population, therefore this is beneficial for future research to test the 
differences (if any) between para-sport, and able-bodied populations. 
Overall, results from this study have important implications for developing 
research in perceptual-cognitive training, research in Para-sport populations, and sport-
curriculum development. This study may contribute to the creation of specific and 
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APPENDIX 4: INFORMED CONSENT 
 
Informed Consent – Influence of General Cognitive Training and Sport-Specific 
Performance 
 
This consent form is only part of the process of informed consent. This should give you a 
basic idea and understanding of what the study, and your participation entails. If you 
would like more information on anything you see here, or information not-included, 
please do not hesitate to get in contact with Annie Pietroniro, Dr. Nick Wattie, or Dr. Joe 
Baker. Please take the time to read this form carefully, and to understand following 
information. 
Study Name: 
The influence of General Cognitive Training and Sport-Specific Performance in Canadian 
Wheelchair Basketball Players 
 
Researchers: 
Ms. Annie Pietroniro, BHSc 
MHSc (Candidate) 
Faculty of Health Sciences 
University of Ontario Institute of Technology 
annie.pietroniro@uoit.ca 
 
Dr. Nick Wattie, PhD 
Assistant Professor 
Faculty of Health Sciences 
University of Ontario Institute of Technology 
nick.wattie@uoit.ca 
 
Dr. Joseph Baker, PhD 
Professor 






Purpose of Research: 
Brain Training Programs such as The Neurotracker, advocate that skills learned and 
retained from general brain training activities are transferable across specific domains. 
Using Multiple Object Tracking, 3D visual frames and speed thresholds, The 
Neurotracker aims to improve athletic performance by widening an athlete’s visual field, 
as well as increase their attention and memory capacity during performance. The purpose 
of this study is to test the relation between performance of The Neurotracker, and 
performance on-court and through pattern recall tasks in athletes. 
 
Study Information: 
In order to test the influence that general cognitive training programs have on sport-
specific performance, the following methods will be performed: 
 
Participants will be required to complete 3 x 20 trials of The Neurotracker, per week, over 
a 4 week period. Study design will be a pre-post design. Prior to trials, athletes will 
complete basic demographic questionnaire. They will also complete a baseline 
assessment of general cognitive skills (i.e. executive function) and sport-specific 
perceptual cognitive skills (using a pattern recall test).  
 
Inclusion and participation in this study requires your consent to release current and 
future ITQMT scores for pre and post measures of data. All personal identifiers will be 
removed from ITQMT scores when dealing with peer-reviewed publications, abstracts, 
and conference presentations. By signing this consent form, you agree to release personal 
ITQMT data for the purpose of this study. 
 
Risks and discomforts: 
There are no risks associated with the methods of study, or possible outcomes. 
 
Benefits of Research and Benefits to you: 
Due to the nature of the Neurotracker program, the athletes will be subject to spanning 
their attention over multiple objects in a short amount of time. As wheelchair basketball is 
a fast sport, this may result in improved ability to track information more efficiently 
throughout the court, where their opponents are, and ultimately improve athletes’ ability 
to better execute decisions. Results from this study will be the first step in trying to 
understand how cognitive training will fit within a broader high performance training 
schedule. 
 
Research in high performance sports is highly important for the innovation and 
development of programs, and athlete preparation into specific sports. As well, this 
research is good for collaborations between sport teams, sports centres, and universities to 
expand further knowledge in an area. As there are significant incentives for high levels of 
athletic performance and success in different programs, the need for evidence-based 
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Your participation in the research is completely voluntary and that participants may 
choose to stop participating at any time. The participant should note, that if he/she 
chooses to not participate, this will not affect their relationship, or the nature of their 
relationship with the researchers or with staff at University of Ontario Institute of 
Technology, or York University either now or in the future. 
 
Withdrawal from the study: 
You may stop participating in the study at any time, for any reason, if you so decide. 
Your decision to stop participating in the study, or refusal to answer particular questions 
will not affect your relationship with the Principal Investigator, Co-Investigators, the 
University of Ontario Institute of Technology, York University, Canadian Sport Institute 
of Ontario, or Wheelchair Basketball Canada. In the case of withdrawal, all participant 
data will be immediately destroyed and removed. There is no consequence from 
withdrawing from the study. 
 
Confidentiality: 
All data collected and contained in the study will be treated as confidential. For this data 
set, all personal identifiers will be removed from the data set, and the subjects will be 
organized by number rather than names. Consistent with Statistics Canada guidelines for 
ensuring confidentiality in data, no cell sizes less than 5 will be reported or used in the 
description and analysis of the data. This practice ensures that it is impossible to trace any 
data back to a specific individual. Participants consent to have their data used for the 
purpose of research in the form of a thesis, as well as academic outputs such as: 
presentations, conferences, and peer reviewed publications. All results of the study will 
be presented as aggregate data, and no individual will ever be presented. All qualitative 
and quantitative data will be compiled and stored on secure serves, and password 
protected computers and files that only the principle investigator – Ms. Annie Pietroniro, 
and co-investigators – Dr. Nick Wattie and Dr. Joseph Baker, will have access to. No 
individual data will be presented during the dissemination of the results. Data will be 
stored for up to 5 years, after which point data will be destroyed. For the purpose of 
Individual Performance Plan (IPP) reviews, Head Coaches as well as IST staff will have 
access to athlete’s raw data and results from the study, by the end of the study process. 
Athletes will only have access to their individual data once the study has finished.  
 
Confidentiality will be provided to the fullest extent possible by law. 
 
Participants Concerns and Reporting: 
If you have any questions concerning the research study or experience any discomfort 




Any questions regarding your rights as a participant, complaints, or adverse events may 
be addressed to Research Ethics Board through the Research Ethics Coordinator 
– researchethics@uoit.ca or 905.721.8668 x. 3693. 
This study has been approved by the UOIT Research Ethics Board REB [REB # 11671] 
on June 2nd, 2017, and CSIO Research Ethics Board [REB #2017-02]. 
This research has been reviewed conforms to the standards of the Canadian Tri-Council 
Research Ethics guidelines. 
 




I __________________________________, consent to participate in The Influence of 
General Cognitive Training and Sport-Specific Performance in Canadian Wheelchair 
Basketball Players research project conducted by Annie Pietroniro. I have understood the 
nature of this project and wish to participate. I am not waiving any of my legal rights by 
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Basketball Players research project conducted by Annie Pietroniro. I have understood the 
nature of this project and wish to participate. I do not wish to have my results shared with 
Coaches, IST, or other Support Staff of Wheelchair Basketball Canada, during, or after 
the conclusion of data collection. I am not waiving any of my legal rights by signing this 
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